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Abstract 
Regular engagement in physical activity has been identified as an important 
contributor to children’s health and development from an early age. This has been 
acknowledged by governments internationally, through the development of 
physical activity guidelines for children under age five in several countries around 
the world. However, despite the acknowledged importance of adequate
engagement in physical activity within the early childhood period, evidence to 
understand this behaviour is minimal, particularly for children under age three. It 
is currently not known how active children under three are and what factors 
influence their physical activity behaviour. This lack of empirical evidence makes
it difficult to inform public health programs promoting physical activity in this 
age group.
This thesis makes a novel contribution to the literature by providing an advanced 
understanding of young children’s physical activity. It investigates the prevalence, 
patterns, predictors and correlates of young children’s physical activity within the 
home environment, using data from two different samples.
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The first study employed a cross-sectional design to examine the prevalence and 
patterns of 19 month old children’s light- and moderate- to vigorous intensity 
physical activity using accelerometry. The results indicated that approximately 
90% of children met the current physical activity guidelines on an average day but 
only 42% did so on every day assessed. It was also identified that children’s 
physical activity varied across the day, with peak periods of physical activity 
occurring in the mid-morning and the mid-afternoon.
The second study of this thesis utilised longitudinal data to examine early 
childhood predictors of toddlers’ physical activity. A number of maternal beliefs, 
maternal behaviours and aspects of the home environment were assessed. It was 
identified that the time children spent with other babies of a similar age at 4
months predicted their objectively assessed physical activity levels at 19 months
of age.
The third study also utilised longitudinal data and assessed changes in the 
maternal beliefs, identified as important in Study 2, over 15 months, as well as 
associations between changes in beliefs and children’s physical activity levels. 
Most maternal beliefs assessed over this period became less favourable, 
suggesting that this is a key period to provide support to parents around 
facilitating their young children’s physical activity behaviours.
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The findings from Studies 1-3 informed the development of Study 4 (The Mother 
and Child Physical Activity [MACPAC] Study). The MACPAC Study was an 
original investigation into maternal behaviours that facilitate physical activity 
across different periods of the day. One-hundred and sixty-three mothers and their 
1-3 year old children took part in the study. Mothers reported time they spent in 
six maternal behaviours facilitating young children’s physical activity (co-
participating in different intensities of physical activity and sedentary behaviour,
providing opportunities for active play, modelling physical activity and sedentary 
behaviours) and both mothers’ and children’s physical activity was objectively 
assessed over seven days. This study found that certain self-reported maternal 
behaviours during the morning and afternoon periods were associated with 
children’s physical activity levels during those same times and that these 
associations differed by intensity of physical activity. Additionally, mothers’ 
objectively assessed light-intensity physical activity was positively associated 
with children’s light- and moderate- to- vigorous intensity physical activity during 
the morning and evening periods.
The findings from this thesis provide empirical evidence that the promotion of 
physical activity amongst young children is warranted, as less than half of 
children met the recommended level of physical activity daily (as they was 
intended to be operationalised). It also suggests that behaviours that mothers
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engage in and opportunities they create for their child can influence their overall 
physical activity levels and that these influences may vary depending on the time 
of day and the intensity of physical activity children are engaged in. This 
information can be used to develop highly relevant and targeted intervention 
strategies within the community.  However, many variables assessed in this study 
were not associated with young children’s physical activity, suggesting that there 
may be additional, broader factors that may also play a role in the physical 
activity children engage in. Thus, although considerably more research in this 
area is needed at the present time, the findings from this thesis provide a platform 
from which researchers can build the evidence base for informing effective, 
evidence-based strategies for promoting physical activity within the early 
childhood period.
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Glossary 
Early childhood: the stage of life comprising birth to <5 years of age
Infant: a child between 0-12 months old
Preschool child: a child between the ages of 3-5 years old
T1: time point 1 in the Melbourne InFANT Program (child aged 4 months)
T2: time point 2 in the Melbourne InFANT Program (child aged 9 months)
T3: time point 3 in the Melbourne InFANT Program (child aged 19 months)
Toddler: a child between the ages of 1-2 years old
Young children: unless otherwise specified, young children will refer to children 
0-3 years of age
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Candidate’s Role in Data 
Collection
This thesis utilised data from the Melbourne Infant Feeding Activity and Nutrition 
Trial (InFANT) Program to answer the first three aims of the PhD (reported in 
Chapters 4-6) and data from the Mother and Child Physical Activity (MACPAC) 
Study to answer the fourth aim of this PhD (reported in Chapter 7). The purpose 
of this preface is to outline the role that the candidate played in the data collection 
and analyses for this thesis.
As described further in Chapter 3, the Melbourne InFANT program was a 
randomised controlled trial with the intervention conducted between 2008 and 
2011. As this was prior to the candidate’s enrolment, the candidate was not 
involved in the development of the survey questions, the recruitment of 
participants or the collection of the data for any of the three phases (baseline 
phase [T1- conducted between June-December 2008], mid-intervention phase 
[T2- conducted between December 2008 and June 2009], and post-intervention 
phase [T3- conducted between August 2009 and February 2010]). The candidate 
did, however, manage all aspects of the accelerometry data post-collection,
including data reduction and cleaning. The candidate also conducted all analyses
reported in this thesis using the Melbourne InFANT Program data. In addition, 
the candidate assisted with data collection for the Melbourne InFANT Program 
 
 
2 
 
Follow-up Study which was a follow-up of the Melbourne InFANT Program 
(when the children were ~3.5 years of age) conducted between August 2011 and 
February 2012. Thus, the candidate was familiar with the data collection 
processes used to obtain the data used in this thesis.
The MACPAC study was purposefully designed by the candidate to address 
questions raised by analysis of the Melbourne InFANT Program data in this 
thesis. All components of the MACPAC study (Chapter 7) were conducted by the 
candidate including: conception and design of the study, obtainment of ethics
approval, questionnaire development, subject recruitment, data collection and data 
analyses and interpretation.
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Chapter 1:  Introduction
It is well established that physical activity plays an important role in optimising 
the health of primary school children and adolescents (Janssen & LeBlanc 2010).
However, in recent years, the importance of adequate engagement in physical 
activity amongst younger children has emerged. This was largely a result of 
accumulating evidence regarding the importance of regular physical activity for 
preschool children’s health and development (Timmons et al. 2012), the 
importance of establishing adequate physical activity levels early in life for future 
physical activity participation (Jones et al. 2013) and the low participation rates 
observed in some studies assessing preschool children’s physical activity
(Hnatiuk et al. 2014). The recognition of the importance of promoting physical 
activity in early childhood is evidence by the development of national physical 
activity guidelines for children under five years of age by a number of countries 
around the world. These recent guidelines recommend participation in at least 180 
minutes of light- to vigorous-intensity physical activity (LMVPA) on each day of 
the week (DoHA 2008; CSEP 2012; DoH 2011).
While the evidence regarding physical activity in the early childhood period is 
still in its infancy, the majority of research to date has focused on preschool aged 
children. There is currently a paucity of literature examining physical activity in 
children under age three, despite this period of life being developmentally 
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different to that of the preschool years and covering the time when physical 
activity behaviours are just being established. Little is known about the activity 
levels of this age group, how physical activity is accumulated and the correlates 
and determinants of physical activity in this age group. 
Thus, the purpose of this thesis is to better understand young children’s physical 
activity (age 0-3 years). Specifically, this thesis aims to examine current physical 
activity levels and patterns of this behaviour in young children and identify 
correlates and determinants of young children’s physical activity levels. Such 
information is critical for informing whether there is a need for interventions in 
this age group, and if so, what factors should be targeted to promote physical 
activity in young children.
Thesis structure
Following on from this chapter (Chapter 1), a review of the current evidence 
concerning young children’s physical activity behaviour will be presented
(Chapter 2). As little research exists for 0-3 year olds, the literature review will 
include evidence collected in preschool aged children (3-5 years old). In 
particular, Chapter 2 will summarise the relationship between children’s physical 
activity and health outcomes, current physical activity guidelines, methods 
available to measure physical activity, theoretical models underpinning existing 
 
 
5 
 
research and correlates of physical activity. The information reviewed in this 
chapter will provide a background and rationale for the proposed research 
questions.  The aims of this thesis are provided at the end of Chapter 2.
The third chapter of this thesis will describe the methods of in the Melbourne 
InFANT Program relevant to this thesis (data from which will be reported in 
Chapters 4, 5 and 6), including participant recruitment, measures, data collection 
procedures, data management and accelerometer data reduction. Further 
methodological procedures relevant only to individual studies are presented in the 
methods section of the respective chapters.
Chapters 4-6 present the results from three studies undertaken using Melbourne 
InFANT Program data. Chapter 4 reports the current physical activity levels and 
patterns of 19 month old children. This chapter also applies a novel methodology 
for the assessment of accelerometry data in toddlers. Chapter 5 identifies early 
predictors (at 4- and 9-months of age) of toddlers’ physical activity. Chapter 6 
presents an investigation into the stability of maternal beliefs for promoting young 
children’s physical activity over the early childhood period and associations with 
children’s physical activity levels.
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Chapter 7 presents methods and data from the Mother and Child Physical Activity 
(MACPAC) Study. This study was an original investigation developed by the 
candidate examining the association between maternal behaviours facilitating 
physical activity and young children’s physical activity levels across the day. 
Finally, Chapter 8 provides a synthesis of the findings and overall themes 
emerging from this research. In particular, considerations for the assessment of 
physical activity levels of young children and issues and challenges associated 
with examining correlates of physical activity in the early childhood period are 
discussed. The implications of this work for the field are presented as well as 
future research directions in this area. 
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Chapter 2: Literature Review
2.1 Introduction
The aim of this chapter is to provide an overview of the current literature about
physical activity behaviour in children under the age of five. Although the age 
range of focus in this thesis is those 0-3 years, the physical activity literature on 
children of this age is extremely scarce.  Thus, the majority of this literature 
review will examine physical activity in children 3-5 years old with the inclusion 
of literature specific to children under age three where possible. 
This review will begin by discussing the definition of physical activity for this 
population group, highlighting how physical activity is operationalised for young 
children and accumulated differently to that of adults. After defining the concept 
of physical activity, a thorough investigation into the benefits associated with 
physical activity at a young age, including evidence on physical health, motor 
development, cognitive, social and emotional development. The tracking of 
physical activity into later childhood and adolescence will also be reviewed.
A discussion of the current guidelines for physical activity for children under five 
years will follow. With these guidelines in mind, the current physical activity 
levels of young children will be collated and the challenges associated with
obtaining accurate accounts of young children’s activity will be discussed. The 
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review will conclude by providing an overview of the applicable theoretical 
models used to guide the description of influences on young children’s physical 
activity and by an examination of previously identified influences on young 
children’s physical activity.
2.2 Definition of physical activity
2.2.1 Definition of physical activity and operationalization in adults
Physical activity has been defined as “any bodily movement produced by skeletal 
muscles that results in energy expenditure” (Caspersen, Powell & Christenson 
1985). It is a complex set of behaviours which can be described by the FITT 
principle (frequency of activity, intensity of activity, time spent in activity, type of 
activity) (Sallis 1994). The intensities of physical activity can be characterised as 
light (LPA; 1.5 METs to 3 METs); moderate (MPA; 3-6 METs) and vigorous 
(VPA; >6 METs), depending on the metabolic cost of the activity compared to 
resting (Norton, Norton & Sadgrove 2010). In adults, health enhancing physical 
activity is focused on MVPA and often occurs as sustained bouts (Pate et al. 
1995). Physical activity in adults occurs across multiple domains including,
household activities, active transport, occupation and active recreation (Sallis et 
al. 2006). In children, the operationalization of physical activity is quite different, 
particularly among those under age five.
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2.2.2 Characteristics of children’s physical activity 
The seminal study examining the characteristics of children’s physical activity
was conducted with a sample of 6-10 year old children by Bailey and colleagues
in 1995. Using direct observation, this study found that children’s physical 
activity is characterised by short bursts of intense activity, followed by longer 
periods of light activity or rest (Bailey et al. 1995). Children spent 77% of their 
time in low intensity activity, lasting on average 6 seconds, and 3% of their time 
in high-intensity activity, lasting approximately 3 seconds (Bailey et al. 1995). A
more recent study which used accelerometers to examine children’s physical 
activity patterns found a similar proportion of time spent in the various intensities
of activity, with nearly all MVPA lasting less than 10 seconds (Baquet et al. 
2007).
Children’s physical activity is accumulated through very different means than 
adults.  For children, physical activity occurs mainly through active play (Dwyer, 
Baur & Hardy 2009), which is defined as unstructured physical activity which 
occurs in the child’s free time (Veitch, Salmon & Ball 2008).  However, physical 
activity can also occur through active transport and organised sport or activity 
classes, and discretionary free-play periods at school. While these studies 
characterising children’s physical activity have been conducted in school aged 
children, children under age five are likely to accumulate physical activity in 
similar ways during free-play periods at childcare or preschool. It is important to 
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note that physical activity for children under age five should predominantly be 
accumulated predominantly through active play (DoHA 2008).
However, for infants (children 0-12 months), physical activity is impacted by key 
developmental milestones that reflects the child’s stage of motor development.
Outlined in Table 2.1 are the key milestones of motor development for infants.
While all of these milestones represent some level of movement, the age the age 
at which child begin walking unassisted represents ambulatory movement, and 
this behaviours is what is typically examined in the physical activity literature. 
Although these milestones represent average ages at which these behaviours 
occur, there is considerable variability between children (Payne 2008).
Table 2.1 Motor development milestones of infants
Age Motor Skill
4 months Phase 1 reaching & grasping
6-7 months Phase 2 reaching & grasping
7 months Sits without support
8 months Rolls over from front to back & back to front
9 months Stands with support
12 months Stands without support, walks unassisted
1 Phase 1- reaching & grasping is characterized by a simultaneous reach and grasp, one-
handed reaching, and is visually initiated, but not visually controlled.
2 Phase 2 reaching & grasping is characterized by a differentiated reach and grasp, two-
handed reaching, and is visually initiated and visually controlled.
(Payne 2008)
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Regardless of the means by which physical activity is accumulated, there are a 
number of important physical and psychosocial health benefits that have been 
observed in children under age five. The evidence for each of these is reviewed 
below.
2.3 Benefits of physical activity for children
Blair and colleagues (1989) developed a framework that hypothesised that three 
main pathways to health arise from regular engagement in physical activity during 
childhood.  This model suggests that: a) childhood physical activity directly 
improves childhood health status, b) childhood physical activity directly improves
adult health status, and c) childhood physical activity indirectly improves adult 
health status by increasing the likelihood that an active child will become an 
active adult (thus improving adult health). Whilst there is strong evidence that 
regular physical activity in adulthood provides health benefits for adults (Lee et 
al. 2012), there is less information documenting the impact of physical activity on 
the immediate health status of children (particularly those under age five), though 
the evidence is building (Janssen & LeBlanc 2010; Timmons et al. 2012). The 
current evidence is summarised in the following sub-sections. The third pathway
in Blair and colleagues’ framework (1989) that hypothesises that childhood 
physical activity indirectly improves adult health through increasing the 
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likelihood of future activity, is known as “tracking” and will be discussed in 
section 2.3.4.
2.3.1 Physical health
Only one review has been published to date that summarises the health outcomes 
of engaging in physical activity during early childhood (Timmons et al. 2012).
This review was conducted to inform the Canadian Physical Activity Guidelines 
for the Early Years and used the Grading of Guidelines, Assessment Development 
and Evaluation framework to examine relationships between physical activity and 
adiposity, bone and skeletal health, motor development, psychosocial health, 
cognitive development and cardiometabolic health in infants (5 studies), toddlers
(2 studies) and pre-schoolers (11 studies). Amongst infants and preschool 
children, the review found evidence for an inverse relationship between physical 
activity and adiposity, and a positive association between physical activity and 
motor skill development. A positive association was also observed for cognitive 
development in infants only, bone health in toddlers only, and psychosocial and 
cardiometabolic health in pre-schoolers only (Timmons et al. 2012). However, the 
paucity of the literature on health outcomes of young children and the low-
moderate quality of the data available limited the authors’ ability to recommend a 
specific dose of physical activity for optimal health in early childhood. A detailed 
review of all published studies examining health outcomes in early childhood, 
including those published since the systematic review, has been provided below.
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Cardiometabolic health
In children, risk factors for certain conditions (eg. cardiovascular disease,
musculoskeletal problems and obesity) are examined by researchers rather than 
the prevalence of the conditions per se.  The reason for this is because chronic 
conditions take many years to develop, and thus are typically not prevalent in 
young children due to lack of exposure. Biological risk factors, therefore, provide 
information on the current health of the child as well as his/her potential for future 
health conditions (World Heart Federation 2011).
Cardiovascular risk factors typically include high systolic and diastolic blood
pressure, low-density lipoprotein (LDL) cholesterol, total cholesterol, and
triglycerides and high-density lipoprotein (HDL) cholesterol (World Heart 
Federation 2011). Very few studies have examined associations between 
cardiovascular risk factors and physical activity in children under age five, and
those that have, have used a variety of indicators of physical activity, such as
outdoor play time and aerobic fitness rather than physical activity per se.
Nonetheless, the findings of studies in this population group suggest significant 
negative correlations between physical activity and systolic blood pressure (Shea 
& Basch 1994) and total cholesterol (Saakslahti et al. 1999), and positive 
correlations between physical activity and HDL cholesterol (Parizkova 1986; 
Sääkslahti et al. 2004) and HDL/total cholesterol ratio (Sääkslahti et al. 2004)
(i.e., lower physical activity levels associated with higher risk factors).
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Musculoskeletal health
Physical activity (specifically weight-bearing activities such as running and 
jumping) has been shown to have beneficial effects on the bone health of young 
children.  Cross-sectional work in apparently healthy children has shown that
objectively measured VPA was associated with higher bone mineral content and 
bone mineral density in 4-6 year old boys and girls (Janz et al. 2001) and that 
five-year old children in the most active tertiles (>42 minutes VPA per day) had 
significantly higher bone mineral density than those in the lowest tertLOH
minutes VPA per day). Amongst 2-3 year old Indian children, those who engaged
in more than 30 minutes of parent-reported physical activity per day had higher 
bone mineral content than those engaging in lesser level of physical activity per 
day (Ekbote et al. 2011). Additionally, in pre-term infants a physical activity 
intervention has shown to increase bone strength (Litmanovitz et al. 2007; 
Litmanovitz et al. 2003).
Overweight and obesity
While there are many factors that contribute to overweight and obesity (Ogden et 
al. 2007), only physical activity will be discussed in this literature review as other 
factors, such as energy intake, are beyond the scope of this thesis.
A recent review of studies using cross-sectional designs has shown that in older 
children and youth, high physical activity levels were consistently associated with
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lower levels of adiposity (Jiménez-Pavón, Kelly & Reilly 2010). However, 
current research findings are inconsistent when determining whether or not higher 
physical activity levels in preschool children are also associated with being a 
healthy weight. Some studies in this age group have shown that lower physical 
activity levels are associated with increased likelihood of overweight or obesity
(Atkin & Davies 2000; Eijkemans et al. 2008; Janz et al. 2002; Li et al. 1995; 
Metallinos-Katsaras et al. 2007; Moore et al. 1995; Nicaise, Kahan & Sallis 2011; 
Shapiro et al. 1984; Trost et al. 2003), while others have showed no statistically 
significant associations (Jingxiong et al. 2006; Saakslahti et al. 1999). Two 
studies have identified that this relationship occurs in boys but not girls which
may partially explain the lack of association between overweight and obesity and 
physical activity when the sexes are not separated (Eriksson et al. 2012; O’Dwyer 
et al. 2011). However, such sex differences in the relationship between physical 
activity and overweight/obesity are not fully supported in the literature with two 
other studies reporting associations observed in girls but not boys (España-
Romero et al. 2013; Vale et al. 2013). Furthermore, a more recent study has 
identified that the associations with adiposity may be intensity-specific (Collings 
et al. 2013). That is, only VPA was associated with a lower percentage of body fat 
and fat mass index while no associations were observed for MPA (Collings et al. 
2013).
A major limitation of much of the research to date is that it is cross-sectional in 
nature. An alternative hypothesis suggests that it may in fact be that children 
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become overweight or obese for another reason (e.g. dietary intake) and that
greater weight status then results in a decrease in physical activity over time.
Some longitudinal evidence for this relationships exists (Metcalf et al. 2011), but 
is not conclusive at present. It has been identified, however, that children who are 
overweight have poorer fitness, agility and dynamic balance compared to children 
of a healthy weight (Niederer et al. 2012). This may perpetuate the inactive-
overweight/obesity cycle.
Additional explanations for the mixed evidence to date may be that studies with 
small sample sizes may have lacked the power necessary to statistically detect 
differences. Alternatively, due to the limited number of years of exposure for a 
child under five years, health consequences associated with physical inactivity 
may take more time to develop. The studies have also employed a number of 
different measures to determine physical activity and overweight/obesity, such as
skinfolds, dual-energy x-ray absorptiometry and most commonly, body mass 
index (BMI), which limits comparability between studies. While BMI acts as a 
good estimate of overweight and obesity for the general population, it does have 
limitations. Unlike the other measures mentioned above, it only measures total 
body weight rather than the specific amount of fat mass and is therefore a poor 
predictor of individual body composition.
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2.3.2 Motor development
Previous research has suggested that one of the essential factors influencing 
physical activity across the lifespan is the development and mastery of 
fundamental movement skills (FMS) (Stodden et al. 2008). Fundamental 
movement skills are the foundation from which more complex movements can be 
mastered and are composed of locomotor (running, galloping, skipping, etc.) and 
object control skills (throwing catching, striking, etc.) (Haywood 2009). They are 
complex movements, and evolve with practice from an immature movement 
pattern to a mature movement pattern (Haywood 2009).
There is strong evidence that physical activity is positively associated with FMS 
proficiency in childhood and adolescence (Lubans et al. 2010), though the 
direction of this relationship has not yet been determined.  Very little research has 
been conducted in children under the age of five, but the literature to date 
suggests there are weak to moderate associations between physical activity and 
various aspects of motor development (Cliff et al. 2009; Fisher et al. 2005a; 
Iivonen et al. 2013; Saakslahti et al. 1999).
Developing movement skill competency in early childhood is desired for its 
potential effect on future physical activity levels. Recent research has shown that 
primary school children who have proficient motor skills are more likely to 
become active adolescents (Barnett et al. 2009). FMS skill proficiency in 
preschool children has not been shown to predict later childhood physical activity 
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levels (McKenzie et al. 2002); however this may be due to the methodology (only 
three movement skills were analysed) or because there are too many intervening 
factors which impact on physical activity between preschool and preadolescence 
(McKenzie et al. 2002). Additionally, the preschool period has been identified as 
a period of time where perceptions of physical competence are high suggesting 
that this may be a time when children are receptive to, and willing to persist in,
the learning and mastery of FMS (LeGear et al. 2012). Given the strong 
association between FMS proficiency and physical activity in childhood and 
adolescence (Lubans et al. 2010) as well as the minimal research conducted on 
children under age 5, the influence of FMS proficiency in preschool years on later 
activity levels is likely, but remains inconclusive.
2.3.3 Cognitive, social and emotional development
In addition to the potential improvements in physical health and FMS 
development arising from regular physical activity, there is also evidence of a 
positive association between physical activity, mainly in the form of active play,
and the cognitive, social and emotional development of children. Active play 
provides opportunities for decision making, problem solving and creative thinking
(Pica 1997), cognitive functions which may promote higher levels of executive 
functioning (Burdette & Whitaker 2005b). Additionally, active play with other 
children can enhance social competence (Colwell & Lindsey 2005; Lobo & 
Winsler 2006).  Social competence comprises essential skills for developing and 
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maintaining friendships which can have critical application in later childhood and 
beyond (Burdette & Whitaker 2005b).
Physical activity in preschool children has also been associated with peer 
acceptance (Colwell & Lindsey 2005) and emotional competence (Lindsey & 
Colwell 2003).  It has been suggested that when a child is highly engaged in
active play and then disengages from the activity once it ceases, this can assist in 
the development of self-control (Hughes 1995). In addition, because of the many 
emotions that may be displayed during active play, it may assist the child in 
learning how to read the emotional states of others based on facial expressions
and in learning how to communicate his or her feelings with the appropriate facial 
expressions (Hughes 1995). Finally, there is experimental evidence that after 
delivery of a 30-minute physical activity program, pre-schoolers were better able 
to sustain attention to complete a task compared to when they were sedentary 
prior to completing the task (Palmer, Miller & Robinson 2013).
2.3.4 Tracking of physical activity
In addition to improving current health status, Blair and colleagues’ framework 
also suggests that childhood physical activity can lead to improved adult health by 
increasing the likelihood that an active child will become an active adult. This 
idea, known as “tracking”, refers to the stability of a particular characteristic over 
time (Bloom 1964) and is typically determined by how well the relative rank or 
position of the characteristic is maintained within a group (Malina 1996).  It is 
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generally accepted that a correlation of a characteristic between two time points 
of less than 0.30 is considered low, between 0.30 and 0.60 is considered 
moderate, and above 0.60 is considered strong (Malina 1996).  In general, the 
shorter the time span between the two measurements, the stronger the correlation 
(Malina 1996).
It is beneficial to track physical activity in individuals to understand how physical 
activity changes over the lifespan, and if physical activity engagement during one 
stage of life carries over into future stages. Across the lifespan, current evidence 
suggests that physical activity tracks at low to moderate levels during adolescence 
(Anderssen, Wold & Torsheim 2005; Kjonniksen, Torsheim & Wold 2008; 
Malina 1996) and adulthood (Malina 1996), as well as at low to moderate levels 
between the transition periods of middle childhood and adolescence (Kristensen 
et al. 2008), middle childhood and adulthood (Herman et al. 2009; Trudeau, 
Laurencelle & Shephard 2004), and adolescence and adulthood (Herman et al. 
2009).
More recently, however, evidence has been accumulating for the tracking of 
physical activity within the early childhood period (Edwards et al. 2013; Gabel et 
al. 2011; Jackson et al. 2003) as well as from early childhood to middle childhood 
(e.g. primary school) (Edwards et al. 2013; Janz, Burns & Levy 2005; Kelly et al. 
2007; Pate et al. 1996; Sääkslahti et al. 2004; Sallis et al. 1995; Taylor et al. 2009; 
Taylor et al. 2013) and to adolescence or adulthood (Francis et al. 2013; Telama 
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et al. 2013). A recent review examining tracking from early childhood to mid-
childhood identified that there was evidence for tracking within early childhood 
and between early childhood and mid-childhood with 64% of studies included in 
the review reporting moderate to strong tracking within this period (Jones et al. 
2013). There is also evidence that physical inactivity may track more strongly 
than physical activity (Telama 2009), suggesting that establishing favourable 
physical activity in early childhood is important.
2.4 Physical activity guidelines for young children
Given the many benefits of engaging in physical activity from a young age, 
several countries around the world have developed physical activity guidelines for 
children from birth to five years (DHoA 2008; DoH 2011; NASPE  2002). The 
first set of guidelines, established by the National Association for Sport and 
Physical Education (NASPE) in 2002, was developed as a guide for practitioners 
and carers, and was not based on scientific evidence. The 2002 NASPE guidelines 
recommend the following for infants, toddlers and preschoolers respectively:
Infants:
1. Infants should interact with parents and/or caregivers in daily physical 
activities that are dedicated to promoting the exploration of their 
environment.
2. Infants should be placed in safe settings that facilitate physical activity and 
do not restrict movement for prolonged periods of time.
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3. Infants’ physical activity should promote the development of movement 
skills.
4. Infants should be placed in an environment that meets or exceeds safety 
standards for performing large-muscle activities
5. Those in charge of infants’ wellbeing are responsible for understanding 
the importance of physical activity and should promote movement skills 
by providing opportunities for structured and unstructured physical 
activity
Toddlers:
1. Toddlers should accumulate at least 30 minutes daily of structured 
physical activity
2. Toddlers should engage in at least 60 minutes and up to several hours 
daily of unstructured physical activity and should not be sedentary for 
more than 60 minutes at a time except when sleeping
3. Toddlers should be given ample opportunities to develop movement skills 
that will serve as the building blocks for motor skillfullness and physical 
activity
4. Toddlers should have access to indoor and outdoor areas that meet or 
exceed recommended safety standards for performing large-muscle 
activities
5. Those in charge of toddlers' well-being are responsible for understanding 
the importance of physical activity and promoting movement skills by 
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providing opportunities for structured and unstructured physical activity 
and movement experiences.
Preschoolers:
1. Preschoolers should accumulate at least 60 minutes daily of structured 
physical activity each day
2. Preschoolers should engage in at least 60 minutes and up to several hours 
daily of unstructured physical activity and should not be sedentary for 
more than 60 minutes at a time, except when sleeping
3. Preschoolers should be encouraged to develop competence in fundamental 
motor skills that will serve as the building blocks for future motor 
skillfulness and physical activity
4. Preschoolers should have access to indoor and outdoor areas that meet or 
exceed recommended safety standards for performing large-muscle 
activities
5. Caregivers and parents in charge of preschoolers' health and well-being 
are responsible for understanding the importance of physical activity and 
for promoting movement skills by providing opportunities for structured 
and unstructured physical activity.
(NASPE  2002)
The NASPE guidelines were developed after a) accumulating evidence suggested 
that physical activity declines with age, b) the level of overweight and obesity in 
children was found to be rising, and c) cardiovascular risk factors were present in 
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very young children (NASPE  2002). A second edition of these guidelines was 
released in 2009. 
In 2008 the Australian Department of Health and Ageing (DoHA) assembled a 
group of Australian researchers to develop national physical activity guidelines 
for children from birth to five years based on the most advanced knowledge in the 
field to date.  The researchers compiled a discussion paper, which lead to the 
development of the following guidelines:
1. For healthy development in infants (birth to 1 year), physical activity-
particularly supervised floor-based play in safe environments- should be 
encouraged from birth.
2. Toddlers (1 to 3 years of age) and preschoolers (3 to 5 years of age) 
should be physically active (including light, moderate and vigorous 
intensity activity) every day for at least three hours, spread throughout the 
day.
(DoHA  2008)
Although guidelines for older children and adults focus on MVPA, no intensity 
threshold was recommended for young children. This was based on the fact that 
there was no evidence that physical activity needed to be of a moderate- to 
vigorous-intensity to elicit health benefits in children (DoHA 2008). In research, 
these guidelines provide a threshold to which young children can be classified as 
active or inactive (based on meeting the physical activity guidelines), they enable 
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the monitoring of young children at a population level, and in practice, these 
guidelines provide a target for parents, caregivers and health professionals to 
promote physical activity in children (DoHA 2008).
Most recently, the United Kingdom (UK) and Canada released physical activity 
guidelines for children under five which closely mirror those developed in 
Australia.  The UK guidelines state that: a) physical activity should be encouraged 
from birth, particularly through floor-based play and water-based activities in safe 
environments; b) all under fives should minimise the amount of time spent being 
sedentary (being restrained or sitting) for extended periods (except time spent 
sleeping); and c) children of preschool age who are capable of walking unaided 
should be physically active daily for at least 180 minutes (3 hours) spread 
throughout the day (DoH  2011). The Canadian Physical Activity Guidelines for
the Early Years recommend: a) infants should be physically active several times 
daily- particularly though interactive floor-based play; and b) toddlers and pre-
schoolers should accumulate at least 180 minutes of physical activity at any 
intensity spread throughout the day (CSEP 2012). It is important to note that 
there are also recommended upper limits for sedentary behaviour from 0-5 years, 
though these are beyond the focus of this thesis.
2.5 Measurement of children’s physical activity
In order to determine whether young children meet national physical activity 
guidelines, appropriate measurement tools are required. Children’s physical 
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activity can be measured using both subjective methods (proxy-report) and 
objective methods (direct observation, pedometers, accelerometers).  All methods 
have associated advantages and disadvantages and it is recommended that the 
method of measurement is chosen based on the desired research questions, 
population of study, and project budget (Trost, McIver & Pate 2005).  Objective 
methods have been commonly utilised in primary school children, and there is a 
growing body of literature describing their use with preschool children (Cliff, 
Reilly & Okely 2009).  While the purpose of this thesis is not to contribute to the 
evidence of the accuracy of measurement of young children’s physical activity, it 
is important to consider physical activity measurement issues as these have 
important implications for physical activity prevalence estimates and physical 
activity correlates in young children. A summary of the instruments typically used 
to measure physical activity in children is described in the following sections.  
2.5.1 Proxy-report measurements
Self-report measures are not recommended in children under the age of 10 as 
young children lack the cognitive capacity to accurately recall their physical
activity behaviour (Dollman et al. 2009).  For this reason, parent or caregiver 
proxy-report measures, typically in the form of physical activity logs, diaries or 
recall questionnaires, are the only appropriate subjective measure of physical 
activity in young children.  Proxy-report measurements can provide detailed 
information about the context of physical activity, are relatively inexpensive to 
administer and have been validated in children as young as 4 months old (Tulve et 
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al. 2007). However, because they are a subjective method of assessment, they are 
limited by social desirability bias, poor recall/report from parents and subjective 
determination of activity intensity (Dollman et al. 2009; Oliver, Schofield & Kolt 
2007).
There are a number of proxy-report measurement tools that have been validated in 
children under five.  Many of these studies have shown low to moderate (r= 0.22-
0.53) validity regardless of the type of proxy-report measurement used, and the 
criterion against which they were validated (Burdette, Whitaker & Daniels 2004; 
Harro 1997; Janz, Broffitt & Levy 2005; Tulve et al. 2007), though one study 
reported no correlation at all (Chow & Yung Ching 2009). The test-retest 
reliability has also been examined for several large-scale studies conducted in 
Europe and Australia (González-Gil et al. 2014; Hinkley et al. 2012c). The parent 
proxy-report surveys used in these studies had moderate to high test-retest 
reliability for assessing their preschool children’s physical activity related 
behaviours. Although the proxy-report tools varied across studies, these findings 
indicate that parents may have difficulty reporting time spent in physical activity 
in young children (likely due to the sporadic nature of young children’s physical 
activity discussed in section 2.2.2) but that their reports will be consistent over 
time.
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2.5.2 Direct observation
Direct observation is a common method used to assess physical activity in young 
children.  Frequently referred to as the “gold standard”, this method utilises 
trained observers to record the physical activity behaviour of participants for a 
predetermined period of time using a direct observation system (Pate, O'Neill & 
Mitchell 2010).  Direct observation can provide rich data, including the intensity, 
duration, type, environmental context, social context, location and prompts of 
physical activity, but is only suitable for small numbers of participants or short 
observation periods as the costs and observer burdens are otherwise prohibitive
(Dollman et al. 2009; Pate, O'Neill & Mitchell 2010; Sirard & Pate 2001).  There 
is also the potential for participant reactivity (modifying their physical activity 
behaviour because the person knows they are being monitored), though this 
phenomenon tends to occur infrequently in young children (Puhl et al. 1990).
There are a number of validated direct observational systems, which have been 
described elsewhere in the literature (McKenzie 2002; Oliver, Schofield & Kolt 
2007). Each of these systems are designed for a specific purpose (e.g. recess, 
physical education) and have particular methodology (McKenzie 2002), and thus 
their use depends on the research question of interest. Because direct observation 
is considered the “gold-standard” of physical activity measurement in young 
children, the systems are frequently utilised as a criterion measure against which 
pedometers and accelerometers are validated in this population (Oliver, Schofield 
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& Kolt 2007). Thus for population-based studies, they may be more appropriate 
as a validation tool rather than a physical activity measurement tool per se.
2.5.3 Pedometers
Description of pedometers
The pedometer, one of the earliest instruments to measure ambulatory activity in 
humans, is a lightweight device which responds to vertical accelerations which 
occur at the hip when walking (Bassett 2002).  As the contilever arm descends 
and ascends within the device, one step count is recorded provided it is of 
sufficient intensity.  Thus, over an entire day, the number of steps taken can be 
quantified and provide an estimation of one’s overall volume of ambulatory
physical activity regardless of intensity.  Due to their low cost they are extremely 
desirable for large-scale research studies as well as for use amongst the general 
public.  Unfortunately, most pedometers currently in use today do not measure the 
intensity of physical activity; one cannot determine whether a step counted on the 
pedometer was done by walking, jogging or running (Bassett 2002).  Recently, 
pedometer manufacturers have offered a solution to this issue by developing 
pedometers which record estimates of the total time spent in physical activity 
(based on the number of steps taken) and the time spent in MVPA (based on steps 
above a certain cadence), however these functions have not been validated in 
large-scale studies in children (McClain & Tudor-Locke 2009).
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It is only recently that have step count targets comparable to current physical 
activity guidelines been identified for preschool aged children. Gabel and 
colleagues (2013) found that 6000 steps per day equates to 180 minutes of 
LMVPA in 3-5 year old children as measured by accelerometry. This is 
substantially different to Cardon and colleagues who found that 13,874 steps in a 
day equates to reaching 60 minutes of MVPA in 4-5 year olds (Cardon & De 
Bourdeaudhuij 2007). Although similar levels of MVPA were observed in these 
studies, the use of different accelerometer cut-points as the criterion measure may 
have impacted the data (see section 2.5.4 for further discussion about 
accelerometer cut-point discrepancies in the literature). 
Pedometer validity in children
It has been demonstrated that pedometers are valid tools for assessing physical 
activity levels in children, however, almost all studies identified examined 
children over the age of five (McNamara, Hudson & Taylor 2010). This could be 
because pedometers are limited in their ability to capture non-ambulatory 
movements (which typically comprise of a large proportion of young children’s 
play) and because the data generated requires parental recording since young 
children would not likely be able to record their own steps. 
Only a handful of studies have validated pedometers in young children against a 
criterion measure. Pedometers were found to be highly correlated with Chidlren’s 
Activity Rating Scale (CARS) direct observation scores in 3-5 year olds (Hands 
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& Larkin 2006; Louie 2003; McKee et al. 2005), however, these studies examined 
intensities of physical activity rather than actual step counts. When examining the 
validity of pedometers using observed step counts, it was determined that 
pedometers may not be suitable for this preschool age group, potentially due to a 
young child’s slow gait speed (Oliver et al. 2007). Pedometer steps are also 
highly correlated with minutes of LMVPA, but seems to vary with age when 
examining MVPA only.  For example, correlations between MVPA 
(accelerometers) and step counts (pedometers) have been found to be poor in 3 
year old children, (Pagels, Boldemann & Raustorp 2011) but have been moderate 
to high in 4 and 6 year olds (De Craemer et al. 2014; Pagels, Boldemann & 
Raustorp 2011). Again it has been suggested this discrepancy may result from the 
pedometers not detecting a light step taken by a 3 year old (Pagels, Boldemann & 
Raustorp 2011). Thus, pedometers may be useful in older preschool aged children 
but challenges may be observed when used with younger populations.
2.5.4 Accelerometers
Description of accelerometers
Accelerometers are small, lightweight devices which use piezoelectric sensors to 
detect acceleration in one (uniaxial) or more (multiaxial) planes (Chen & Bassett 
2005).   In traditional models, the accelerations that are detected by the sensors 
are converted to a unitless number (referred to as a count) and then stored over a 
pre-determined period of time (referred to as an epoch).  At the end of each 
epoch, the counts are summed and stored in the internal memory. The recorded 
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counts for each epoch represent the intensity of the activity undertaken during that 
time period.  The data stored on the accelerometer can then be downloaded to a 
computer for analysis (Welk 2002). Although newer models of accelerometers 
(e.g. ActiGraph GT3X+) have shifted towards the collection of raw data, at the 
moment the majority of accelerometry data published is still captured as counts.
Accelerometers are typically worn on the hip, although other sites of 
measurement (e.g. wrist and lower back) have been utilised in children 
(Fairweather et al. 1999; Johansson et al. 2014; Kelly et al. 2004; Nilsson et al. 
2002; Toschke et al. 2007).  While some studies shown no relevant differences 
using alternate placement of monitors (Fairweather et al. 1999; Nilsson et al. 
2002), others have found counts to be higher when placed at the umbilicus in 
preschool children (Toschke et al. 2007).
Accelerometer validity, reliability and feasibility in young children
Several commercial accelerometers are available for use in research settings; a 
number of which have been tested for validity in the preschool population.  The 
ActiGraph accelerometer (Pensacola, Florida) is the most commonly studied, and 
has been validated against direct observation (Fairweather et al. 1999; Kelly et al. 
2004; Sirard et al. 2005), oxygen consumption (Pate et al. 2006) and doubly 
labelled water (Montgomery et al. 2004).  Direct observation and oxygen 
consumption have shown moderate to high correlations with ActiGraph 
accelerometer counts/minute, ranging from r = 0.46- 0.87 (Fairweather et al. 
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1999; Kelly et al. 2004; Pate et al. 2006; Sirard et al. 2005). Using total energy 
expenditure as the criterion, the ActiGraph was only weakly correlated (r = 0.22-
0.33) with the doubly labelled water technique (Montgomery et al. 2004).  The 
validity of the Actical and Actiwatch accelerometers are reported less often in the 
literature in preschool aged children.  The Actical has been strongly correlated 
with oxygen consumption, though the strength decreases when measured in an 
unstructured play setting rather than in a laboratory situation (r = 0.89 vs. r = 
0.59) (Pfeiffer et al. 2006), and the Actiwatch was not correlated with direct 
observation (Kelly et al. 2004) or doubly labelled water (Lopez-Alarcon et al. 
2004).  The weak correlations found in accelerometers when doubly labelled 
water was used as the criterion measure could be due to the fact that the doubly 
labelled water technique measures total energy expenditure rather than physical 
activity behaviour.
To date, only one study has examined the reliability of accelerometers in 
preschool children. In that study, Fairweather and colleagues (1999) assessed the 
inter-instrument reliability of the ActiGraph accelerometer (placed on the right 
and left hip) and found that the two measurements were strongly correlated with 
one another (r = 0.92); however, daily activity counts/minute differed 
significantly.  The authors did note that these differences that were seen were 
small, and likely not of much biological significance (Fairweather et al. 1999).
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The feasibility of accelerometer use in toddlers and preschool children has been 
recently investigated.  Van Cauwenberghe and colleagues (2011a) assessed the 
feasibility of using ActiGraph accelerometers in toddlers and found that most 
parents (83%) indicated that their child found it “not unpleasant and not pleasant” 
to wear an accelerometer, and none found it unpleasant or very unpleasant. Costa 
and colleagues (Costa et al. 2013b) compared the ActiGraph, ActivPAL and 
Actiheart monitors and found most parents preferred the ActiGraph accelerometer 
due to the fewest perceived barriers to wearing it for their 2-3 year old children. 
Concerns about the ActiGraph only related to the child pulling it off or playing 
with it, while parental concerns regarding comfort, skin irritation and difficulty 
placing monitors under clothes were cited for both the ActivPAL and Actiheart 
monitors (Costa et al. 2013b).
Epoch length
Traditionally, an accelerometer epoch length of 60 seconds was utilised in most 
children’s physical activity studies, as memory capacity in accelerometers several 
years ago was not large enough to store data in shorter increments when 
measuring seven days of monitoring (Trost, McIver & Pate 2005). However, in 
recent years it has been suggested that shorter epoch lengths of 5, 10 or 15 
seconds are more appropriate for young children, due to the sporadic and 
intermittent nature of their physical activity patterns (Chen & Bassett 2005).  For 
example, if a child’s physical activity intensity level is assessed over an epoch of 
60 seconds, the time spent in VPA will be combined with the time spent in LPA,
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and result in an epoch being classified as LPA or MVPA (rather than the more
accurate depiction of VPA followed by LPA). Several studies have examined this 
phenomenon. Nilsson and colleagues (2002) measured the time spent in 
moderate-, vigorous- and very vigorous- intensity activity by 7 year old boys and 
girls using five different epoch lengths (5 seconds, 10 seconds, 20 seconds, 40 
seconds and 60 seconds).  They found a significant difference in time spent in 
physical activity at vigorous and very vigorous intensities between all epoch times 
except between the 40 and 60 second epochs (vigorous intensity), the 20 and 40 
second epochs (very vigorous intensity), and the 40 and 60 second epochs (very 
vigorous intensity).  This suggests that epoch length does impact on the estimates 
of LPA and MVPA and shorter epochs more accurately capture these intensities 
in children (Nilsson et al. 2002).
Additional studies have supported this finding and suggest that time spent in VPA
(Edwardson & Gorley 2010) and MVPA (Colley et al. 2014; Vale et al. 2009) is 
underestimated with a longer epoch length.  In preschool children, 17 minutes 
more MVPA/day was measured when using 5 second epochs compared to 60 
second epochs (Vale et al. 2009). However, it is important to note that a study 
conducted by Reilly and colleagues (2008) in children aged 5-6 years found that 
although there was a statistically significant difference in MVPA between 15, 30, 
45 and 60 second epoch lengths, the difference was small, and therefore may not 
be of biological significance. Although the small differences over a short period 
of time may not be of biological significance, it is valuable to recognise that over 
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time, these small differences are likely to accumulate and may be of greater 
importance than first thought. Therefore, using shorter epoch lengths (e.g. 5-15
seconds) in children under five may be the preferred protocol for assessing 
physical activity.
Number of days of monitoring
To date, there is also no consensus on the number of days a child should wear an 
accelerometer to give an accurate description of their typical physical activity 
levels.  Previous research on primary school children and youth has shown that 
younger children (Year 1-6) exhibit less variability in MVPA than do older 
children (Year 7-12), and thus a shorter monitoring period of 4-5 days is 
sufficient (Trost et al. 2000). However, a more recent study conducted with 3- to 
5-year old children recommended 5 days of monitoring was necessary for reliably 
assessing MVPA while 6 days was needed for total physical activity in younger 
children (Addy et al. 2013). Trost and colleagues (2000) also recommend 
including a weekend day in the assessment period as weekend activity is higher 
than weekday activity for younger children.  In contrast, other studies have 
demonstrated that physical activity levels of young children are similar on 
weekends and weekdays, and the inclusion of a weekend day has little impact on
the reliability of the estimates in this population (Penpraze et al. 2006; Sigmund et 
al. 2007; Taylor et al. 2009; Verbestel et al. 2011).
Accelerometer wear time
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Studies examining the amount of wear time per day required to describe typical 
physical activity levels in children under age five are limited. School-aged 
children tend to exhibit two distinct time periods of MVPA during the day (7:00 
am to 10:59 am and 11:00 am to 8:59 pm on weekdays, and 7:00 am to 9:59 am 
and 10:00 am to 8:59 pm on weekends), thus it is necessary to monitor activity for 
an entire day in order to obtain representative depiction of their overall physical 
activity levels (Trost et al. 2000).  However, in preschool children who may not 
have the same structure as school children in their day, it seems as though a 
reduced period of wear time (eg. 3 to 4 hours) may be possible for this population 
provided the number of days of monitoring exceeds four (Penpraze et al. 2006).
Even more feasible, 2.5 weekdays and 1.4 weekend days of monitoring for 50% 
of the day provides reliable estimates (Hinkley et al. 2012b). However, no studies 
have examined the wear time needed in children under three years of age.
Two studies have examined the impact of wear time and wear days on the 
reliability estimates produced (Hinkley et al. 2012a; Penpraze et al. 2006).
Penpraze and colleagues (2006) examined a small sample of 76 preschoolers and 
identified that as little as 3-4 hours of wear could provide acceptable (0.70) 
reliability provided at least five days were included. Hinkley and colleagues
(2012a) utilised a much larger sample and found that many combinations of wear 
times (3-10 hours) provided sufficient reliability (0.70) if four wear days were 
included, though as increasing wear time criteria resulted in a lower sample size. 
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Thus, a trade-off exists between optimizing reliability and maximising sample 
size (Hinkley et al. 2012a). This study also suggested that weekday and weekend 
day physical activity data differed (Hinkley et al. 2012a).
Accelerometer cut-points
Raw accelerometer data are commonly converted to total counts in the literature 
(Welk 2002).  While total counts provide a good description of the volume of 
physical activity, they do not provide any indication of the intensity of the
physical activity accumulated.  In order to determine time spent in LPA, MPA 
and VPA, researchers have developed cut-points, which indicate the level above 
which an epoch’s total counts must be in order for an individual to be considered
active in that intensity for that epoch (Ridgers & Fairclough 2011). Cut-points are 
specific to the epoch length used, type of accelerometer used, and age of the 
population and thus should not be generalised or compared between one another 
(though they often are in the literature).  Furthermore, the cut-points in a given 
population are still widely debated, and vary substantially in the literature (Kim, 
Beets & Welk 2012; Ridgers & Fairclough 2011).  Using different cut-points on 
the same dataset has been found to yield different results regarding the amount of 
time children aged 3-5 spend in MVPA (Cliff & Okely 2007; Van Cauwenberghe 
et al. 2011b).  This poses a challenge when trying to determine true physical 
activity levels of this population (Hnatiuk et al. 2014).  A summary of the cut-
points used in children under age five is described in Table 2.2. The paper from 
which these data were drawn is provided in Appendix 2.1.
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Table 2.2 Accelerometer cut-points used in studies on children aged five 
years and younger
Study Accelerometer Population Cut-points
Evenson (2008) Actigraph 5-8 years Sedentary: 0-25 counts/15 sec
Light: 26-573 counts/15 sec
Moderate: 574-1002 counts/15 sec
9LJRURXVFRXQWVVHF
Actical 5-8 years Sedentary: 0-11 counts/15 sec
Light: 12-507 counts/15 sec
Moderate: 508- 718 counts/15 sec
9LJRURXVFRXQWVVHF
Pate (2006) ActiGraph 3-5 years Sedentary: 0-37.5 counts/15 sec
Light: >37.5 counts/15 sec
Moderate: >420 counts/15 sec
Vigorous: > 842 counts/15 sec
Pfeiffer (2006) Actical 3-5 years 0RGHUDWHFRXQWVVHF
9LJRURXVFRXQWVVHF
Sirard (2005) ActiGraph 3 years Sedentary: 0-301 counts/15 sec 
/LJKWFRXQWVVHF
Moderate: >615 counts/15 sec
9LJRURXVFRXQWVVHF
4 years Sedentary: 0-363 counts/15 sec
/LJKWFRXQWVVHF
Moderate: >812 counts/15 sec
9LJRURXVcounts/15 sec
5 years Sedentary: 0-398 counts/15 sec
/LJKWFRXQWVVHF
Moderate: >891 counts/15 sec
9LJRURXVFRXQWVVHF
Trost (2011) ActiGraph 16-35 months Sedentary: 0-48 counts/15 sec
Light: 49 - 418 counts/15 sec
Moderate- vigorous: >418 counts/15 
sec
Van Cauwenberghe 
(2011b)
ActiGraph 4-6 years /LJKWFRXQWVVHFRQGV
MRGHUDWHFRXQWVVHFRQGV
9LJRURXVFRXQWVVHFRQGV
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It is clear from Table 2.2 that the cut-points developed for use with preschool 
children vary considerably. Consequently, several studies have been conducted to 
assess the predictive validity of a number of cut-points reported in the literature 
(Hislop et al. 2012; Janssen et al. 2013; Kahan, Nicaise & Reuben 2013). Two of 
the studies were conducted with 4–6 year-old children using direct observation 
(i.e., CARS) (Hislop et al. 2012; Janssen et al. 2013) as well as whole room 
calorimetry (Janssen et al. 2013). Janssen and colleagues (2013) reported the best 
classification accuracy was observed when using the Evenson cut-point for 
sedentary behaviour/LPA (<25 counts/15 seconds) and the Pate cut-points for 
MVPA (>420 counts/15 seconds). However, despite using the same CARS 
protocol, Hislop and colleagues (2012) found the best agreement between direct 
observation and the Sirard cut-points or Puyau (2002) cut-points (validated in 6-
16 year old children) for preschool children. Further complicating our 
understanding of cut-points in preschool aged children, a third study conducted at 
a similar time using the Observation System for Recording Activity in Children-
Preschool Version as the criterion identified the Sirard cut-points as having the 
greatest classification accuracy (Kahan, Nicaise & Reuben 2013).
Two studies have developed cut-points specifically for toddlers. In 2011, Trost 
and colleagues developed toddler cut-points using the ActiGraph accelerometer, 
reporting that LPA occurs between 49-418 counts/15 seconds, while MVPA
occurs at >418 counts/15 seconds (Trost et al. 2011).  These results are very 
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similar to the Pate cut-points mentioned above.  Costa and colleagues (Costa et al. 
2013a) used 5-second epochs to determine cut-points for 2-3 year old children 
with direct observation as the criterion measure but found that MVPA using was 
largely overestimated compared to the observed activity. Thus, the authors of the 
paper recommended using a cut-point of <5 counts/5-seconds to distinguish 
between sedentary time and total physical activity only. 
The predictive validity of three commonly-used preschool cut-points has also 
been tested in toddlers.  The Van Cauwenberghe, Sirard and Pate cut-points all 
performed poorly in classifying LPA and MVPA (Van Cauwenberghe et al. 
2011a) and the Pate cut-points did not perform as well as toddler-specific cut-
points (Costa et al. 2013a) in another study. Thus, it has been suggested that,
where possible, toddler-specific cut-points should be used rather than simply 
utilising the preschool age cut-points.  
Limitations with accelerometer use in children under five
There are a number of challenges associated with using accelerometers in children 
under the age of five.  First, many accelerometers are not waterproof and have a 
tendency to underestimate activity in non-weight bearing activities (Pate et al. 
2006).  Thus, any water play will not be detected as the monitor cannot be worn 
in water and bicycle/tricycle riding will remain under-detected as monitors poorly 
detect these types of movement.  Furthermore, accelerometers can only detect 
lower body (primarily ambulatory) movement when worn on the hip. This means 
 
 
42 
 
that any upper-body movements, such as digging in the sand, will also not be 
detected.  Because these types of movements are characteristic of children under 
the age of five, an underestimation of true physical activity level is likely (Oliver, 
Schofield & Kolt 2007; Trost, McIver & Pate 2005).  Second, there has been little 
research on the use of accelerometers under the age of three (Cliff, Reilly & 
Okely 2009).  Without such research it is challenging to obtain valid and reliable 
objective physical activity measures in this population for comparisons across 
studies, and to determine the most practical method of assessing physical activity 
in children under age three. This is particularly relevant given that this age group 
exhibits a higher prevalence of non-vertical movement (e.g. crawling) than older 
children.
Despite the inherent challenges associated with using accelerometers, they 
currently provide the most appropriate tool to measure physical activity as they 
are objective in nature, can generate detailed data on frequency and duration of 
physical activity patterns across intensities, can be used in a relatively large 
sample of children and are much less intensive and intrusive than direct 
observation.  For these reasons accelerometers will be the measurement tool used 
to assess young children’s physical activity in this thesis, as described further in 
Chapters 3 and 7.
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2.6 Current physical activity levels of young children
Despite the existence of physical activity guidelines for children, determining the 
current physical activity levels of children under the age of five and whether they 
meet the guidelines remains challenging. Most studies have focused on physical 
activity in preschool children only, and thus there is very little evidence in 
children younger than age three. Of those examining physical activity in 
preschoolers, a variety of methodologies have been utilised and variability exists 
within measures, as discussed in section 2.5. Additionally although primarily 
population-level parent-reported prevalence estimates for young children exist,
these often report specific aspects of physical activity (e.g. outdoor play, 
organised activities) rather than overall physical activity levels (Dollman et al. 
2009). Thus, using objective measures to assess young children’s physical activity 
is preferred when possible, and will therefore be the focus of this prevalence 
review.
The existence of different guidelines internationally and different 
operationalisation of the same guidelines can drastically change the percentage of 
the population considered to be meeting the physical activity guidelines (Beets et 
al. 2011).  For example, in a recent study it was found that the percentage of 
preschoolers meeting the NASPE guidelines ranged from 0.5% to 99.5% 
depending on the methodology used and interpretation of the guidelines (Beets et 
al. 2011). Studies reporting the percentage of preschool children meeting the 
NASPE guidelines on weekdays have ranged from 7% (Cardon & De 
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Bourdeaudhuij 2008) to 94% (Vale 2010). Similarly, the proportion of children 
meeting 180 minutes of LMVPA has been reported at 84% in Canada (Colley et 
al. 2013), 90-100% in Portugal (Vale et al. 2013) and the UK (Hesketh et al. 
2014a) and just 5% within Australia (Hinkley et al. 2012b).
Additionally, differences are observed when the criterion is set to meeting the 
guidelines on each valid day rather than an average valid day (Olds et al. 2007).
For example a study found that 5% of children met the physical activity 
guidelines on an average day, none met them on 100% of days, but 40% did so on
1-50% of days and 5% did on 50%-99% of days (Hinkley et al. 2012b). Although 
many studies in the literature report physical activity compliance on an average 
day, future research should consider reporting the percentage of children who 
meet the guidelines on every day assessed.
Most recently, researchers have begun to examine the proportion of time children 
spend in different intensities of physical activity rather than the minutes of 
physical activity per se, because physical activity levels are often a reflection of 
the length of time an individual wore the accelerometer (Ridgers & Fairclough 
2011) and to allow for comparability between studies where sample wear time 
varies. A meta-analysis conducted in 2011 examined accelerometer-derived 
proportion of time pre-schoolers spend in MVPA (Bornstein et al. 2011). A large 
variation in the percentage of time spent in MVPA per day was reported (and 
thus, also in those children who were classified as meeting the guidelines) 
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depending on which cut-points were used, even though the actual accelerometer 
counts per minute across the different cut-points were quite similar (Bornstein et 
al. 2011). Thus, it was suggested that the obvious discrepancies in the physical 
activity levels of this age group are arguably due to the different methodologies 
employed, rather than actual differences in the activity levels of the population.
However, the Bornstein and colleagues (2011) meta-analysis only examined
MVPA despite the fact that most recent physical activity guidelines recommend 
180 of physical activity of any intensity in the under five population. It also 
excluded studies from the review that were objective in nature (e.g. direct 
observation) but did not use accelerometry, which is critical given the issues 
around the inconsistency of cut-points when assessing preschool children’s 
physical activity. Thus, a review was conducted and published by the candidate 
examining those studies which objectively reported on the proportion of time 
spent being physically active (see Appendix 2.1). To be included in the review, 
studies had to: a) include a minimum of 30 children; b) incorporate children with 
a mean age of 5.9 years or younger; c) utilise an objective measure to assess LPA 
and/or MVPA; d) collect data across the whole day; and d) provide estimates of 
physical activity as the percentage of time spent in these behaviours or include 
sufficient information within the paper to be able to calculate such percentages 
(i.e., the average accelerometer wear time or observation period).
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The review conducted by the candidate describes in detail the participants, 
country of assessment, physical activity measures (and cut-points where relevant) 
used as well as the prevalence of physical activity from the studies included. In 
brief, a total of 37 unique samples from 40 papers were identified with the 
majority coming from the United States (18). Most studies (29) used ActiGraph 
acclerometers, four used other types of accelerometers, three used direct 
observation and one used heart rate monitoring. The studies which report on the
percentage of time spent in MVPA per day ranged from 2% to 41% while the 
time spent in LPA, ranged from 4% to 33% (Table 2.3). Translated to 
minutes/day, this suggests that children spend between 15 and 320 minutes in 
MVPA and 31 and 257 minutes in LPA per day, assuming a 13-hour sleep day for 
a 4-year old child (Iglowstein et al. 2003). However, it should be acknowledged 
that this interpretation will be affected by the length of time a child is typically 
awake and also assumes that the same amount of physical activity is accumulated 
during each hour of the day.
Since this review was completed (May 2013), several studies have been published 
that have reported the objectively assessed proportion of time spent in MVPA and 
LPA in preschool aged children (Hesketh et al. 2014a; Rice & Trost 2014; Ruiz et 
al. 2013; Soini et al. 2014). The findings from these studies have been 
incorporated into Table 2.3 and are denoted by an asterisk.  
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Table 2.3 Studies reporting on the percentage of time spent in physical activity in preschool children
Author (year) Study sample Physical activity type/measure Cut-points used (where 
relevant)
Prevalence
ActiGraph accelerometry
Alhassan et al. (2007) USA: 32 Latino children, 
mean age = 3.6 ± 0.5 yrs
ActiGraph accelerometers (30 sec epoch): 4 
weekdays, mean time worn: 780 mins CON; 755 
mins INT
Sirard LPA: 3.9%
MVPA: 1.7%
Alhassan et al. (2012a) USA:  71 children (51% 
girls), mean age 4.3 ± 0.6 
yrs 
ActiGraph accelerometers (15 sec epoch): mean 
wear time CON = 558.5 ± 37.2 mins, INT = 
542.9 ± 31.3 mins, minimum 4 weekdays
Sirard LPA
CON: 17.5%
INT: 16.7%
MVPA:
CON: 10.7%
INT: 7.1%
Alhassan et al. (2012b) USA: 67 children, mean age 
CON = 4.2 ± 0.5 yrs; mean 
age INT = 3.9 ± 0.9 yrs.
ActiGraph accelerometers (15 sec epoch): mean 
wear time CON = 746.3 ± 66.3 mins, INT = 
762.6 ± 75.1 mins, minimum 4 weekdays
Sirard LPA: 
CON: 17.9%
INT: 15.2%
MVPA:
CON: 6.5%
INT: 7.0%
Cardon et al. (2008) Belgium: 76 children mean 
age of girls= 4.95 ± 0.5 yrs 
and boys= 5.01 ± 0.6 yrs
ActiGraph accelerometers (15 sec epoch): 4 days 
(2 weekends, 2 weekdays), mean time (range) 
worn= 11.8 (8.6-15.2) hrs
Sirard LPA: 10.5%
MPA: 2.4%
VPA: 2.4%
MVPA: 4.8%
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Author (year) Study sample Physical activity type/measure Cut-points used (where 
relevant)
Prevalence
Cliff et al. (2009) Australia: 46 children (46% 
girls), mean age = 4.3 ± 0.7 
yrs
ActiGraph accelerometers: mean (SD) duration-
4.1 (1.0) days, mean (SD) time worn- 641.0 
(95.9) mins
Sirard MPA: 2.52%
VPA: 1.59%
MVPA: 4.1%
Dwyer et al. (2011) Australia: 67 children (48% 
girls), mean age 3.8 ± 0.74 
yrs 
ActiGraph accelerometers (15 sec epoch): 
minimum wear time- 6 hrs/day, 3 days.
Sirard LPA: 11.8%
MPA: 4%
VPA: 2.7%
MVPA: 6.8%
Fisher et al.  (2005b) Scotland: 209 children (52% 
girls). 104 children with 
mean age = 3.4 ± 0.2 yrs; 
105 children with mean age 
= 5.4 ± 0.2 yrs
ActiGraph accelerometers (1-min epochs): 
younger children 3 days included one weekend 
day; older children 7 days
Reilly/Puyau LPA: 19.6%
MVPA: 3.2%
Fisher et al. (2005a) Scotland:
Fisher: 394 children, mean 
age = 4.2 ± 0.5 yrs; 
ActiGraph accelerometers (1-min epochs): 6 
days, 56 (13.3) hrs total wearing time
Reilly/Puyau LPA: 20.3%
MVPA: 3.4%
Gunter et al. (2012) USA: 136 children (46% 
girls), 2-5 yrs.
ActiGraph accelerometers: minimum wear time-
2 days for 75% of attendance time (mean wear 
time: 4.9 ± 1.4 hrs/day)
Pate LPA: 8.2%
MVPA: 3.3%
Heelan & Eisenmann (2006) USA: 100 children (52% 
girls), age: 4-7 yrs.
ActiGraph accelerometers (1 min epoch), mean 
wear time= 681 mins, 6 days
Freedson MPA: 35.5%
VPA: 4.7%
MVPA: 40.2%
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Author (year) Study sample Physical activity type/measure Cut-points used (where 
relevant)
Prevalence
Hinkley et al. (2012b) Australia: 703 children 
(45% girls), mean age 4.5 
years.
ActiGraph accelerometers (15 sec epoch), mean 
wear time = 647.5 mins, 6.9 days
Sirard LPA:
Boys: 12.2%
Girls: 11.1%
Average: 11.7%
MPA:
Boys: 3.7%
Girls: 3.0%
Average: 3.4%
VPA:
Boys: 1.4%
Girls: 1.3%
Average: 1.4%
MVPA: 2.35%
Janz et al. (2002) USA: 
434 children (53% girls)
Mean age boys: 5.2±0.4 yrs
Mean age girls: 5.3±0.4 yrs
ActiGraph accelerometers (1-min epoch): 8 
hrs/day, 4 days –including weekend day
Freedson MVPA:
Boys: 37.7%
Girls: 35.6%
Average: 36.7%
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Author (year) Study sample Physical activity type/measure Cut-points used (where 
relevant)
Prevalence
Janz et al. (2004) USA: 436 children (53% 
girls), mean age = 5.2 ± 0.4 
yrs
ActiGraph accelerometers (1-min epoch): 8 
hrs/day, 3 days –including weekend day, avg 
wear time 723 mins/day
Freedson (extrapolated 
for 5 year old child)
MPA:
Boys: 37.0%
Girls: 36.2%
Average: 36.6%
VPA:
Boys: 5.3%
Girls: 3.9%
Average: 4.6%
MVPA: 41.2%
Kelly et al. (2007) Scotland: 42 children (50% 
girls), mean age=3.8 yrs.
ActiGraph accelerometers (1-min epochs): 3 days 
included a weekend day, ~10.1 hrs/day
Puyau MVPA: 
Boys: 3.2%
Girls: 2.1%
Average: 2.2%
Kelly et al. (2005) Ireland: 41 children (51% 
girls); median age 5.4 yrs
MTI/CSA accelerometer: 7 days, minimum 6 
hours per day
Reilly/Puyau LPA:
Boys: 20%
Girls: 16%
Average: 19%
MVPA:
Boys: 4%
Girls: 2%
Average: 3%
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Author (year) Study sample Physical activity type/measure Cut-points used (where 
relevant)
Prevalence
Metallinos-Katsaras et al. 
(2007)
USA: 56 children, age: 2-5
yrs.
ActiGraph accelerometers (1-min epochs): mean 
days worn= 6.6 (range 4.7-7) days, mean wear 
time: 683 mins/day
MPA mins/day (615-2971 CPM) 
VPA mins/day (2972-5331 CPM)
vVPA mins/day (>5331 CPM)
*Freedson cut-points*
Reilly/Sirard MPA: 35.7%
VPA + vVPA: 4%
MVPA: 39.9%
Mickle et al. (2011) Australia: 33 children (48% 
girls), mean age = 4.3 ± 0.6 
yrs
ActiGraph accelerometer (1-min epochs). 
Minimum wear time of > 6 hrs over 3 days.
LPA:
Boys: 13.1%
Girls: 11.8%
Average: 12.5%
MVPA:
Boys: 6.0%
Girls: 3.9%
Average: 5%
Montgomery et al. (2004) Scotland: 104 children (50% 
girls; 36 pre-schoolers, 68 
school-age).
Age: (combined sample)
Boys 5.6 yrs
Girls 5.4 yrs
ActiGraph accelerometers (1-min epochs) 5-10
hrs/day; 3 days pre-schoolers, 7-10 days school-
age
LPA: 1100-3200 CPM
MVPA: >3200 CPM
Reilly/Puyau LPA 
Boys: 23%
Girls: 18% 
Average: 20.5%
MVPA 
Boys: 4% 
Girls: 3% 
Average: 3.5%
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Author (year) Study sample Physical activity type/measure Cut-points used (where 
relevant)
Prevalence
Niederer et al. (2012) Switzerland: 613 children 
(50% girls), mean age 5.2 
yrs
ActiGraph accelerometer (15 sec epochs): mean 
wear time 10.8 hrs/day, minimum 3 days
Pate MVPA: 14.4%
Obeid et al. (2011) Canada: 30 children (33% 
girls)
ActiGraph accelerometer (3 sec epoch): 
PLQLPXPZHDUWLPHKUVRQGD\V
Pate LPA: 22.9%
MPA: 7.2%
VPA: 4.8%
MVPA: 11.9%
Pate et al. (2004) USA: 247 children (53% 
girls), 3-5 yrs
ActiGraph accelerometer (15-sec epochs): mean 
4.4 hrs/day for avg 6.6 days
Sirard LPA: 17.5%
MVPA:
Boys: 13%
Girls: 11.6%
Average: 12.3%
VPA:
Boys: 3.5%
Girls: 2.8%
Average: 3.2%
MVPA: 12.3%
Pfeiffer et al. (2009) USA: 331 children (49% 
girls); mean age 4.3 ± 0.6
ActiGraph accelerometer (15 sec epochs): 
minimum wear time >5 hours, 3 days
Pate MVPA:
Boys: 13.5%
Girls: 11.7%
Average: 12.6%
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Author (year) Study sample Physical activity type/measure Cut-points used (where 
relevant)
Prevalence
Raustorp et al. (2012) USA & Sweden: 50 children 
(48% girls), mean age 4.3 
yrs
ActiGraph accelerometers (15 sec epoch): no
wear time criteria established
Sirard MVPA:
Swedish children: 4.3%
American children: 2.8%
Reilly et al. (2004) Scotland: 78 children (49% 
girls), mean age 3.7 ± 0.5 
yrs
ActiGraph accelerometer (1-min epochs): 3 days, 
mean 9.8 hrs/day
Reilly/Puyau LPA 
18% (IQR 14-22)
MVPA 
2% (IQR 1-4)
Reilly et al.  (2006) Scotland: 545 children (50% 
girls; mean age 4.2 yrs
ActiGraph accelerometers (1-min epochs): 6 days Puyau MVPA: 2.8%
*Rice & Trost (2014) USA: 114 2-5 year old 
children (53% male)
ActiGraph accelerometer; mean wear time 5.5 
hours/day, min 2 days
Van Cauwenberghe LMVPA: 17%
MVPA: 10%
Ruiz et al. (2011) USA: 80 children; 3-5 yrs ActiGraph accelerometer (10 sec epoch): mean 
wear time: 491.8 minutes for 3.7 days
Puyau LPA: 7.2%
MPA: 1.9%
VPA: 1.5 %
MVPA: 3.4%
*Ruiz et al. (2013) USA: 50 3-5 year old 
children (44% male); >50th
percentile for BMI
ActiGraph accelerometer (15 sec epoch): mean 
wear time: 14.1 hrs/day, min 4 days
Pate LPA: 33.0%
MPA: 10.0%
VPA: 4.5%
MVPA: 14.5%
*Soini et al. (2014) Finland: 47 3-year old 
children (55% boys)
ActiGraph accelerometer (5 sec epoch): min wear 
time: 8 hrs/day, 5 days
Van Cauwenberghe LPA: 6%
MVPA: 9%
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Author (year) Study sample Physical activity type/measure Cut-points used (where 
relevant)
Prevalence
Sugiyama et al. (2010) Australia: 89 children (46% 
girls), mean age 4.1 yrs
ActiGraph accelerometer (15 sec epochs): mean 
ZHDUWLPHKUVPLQVGD\IRUGD\V
Sirard MVPA: 6.1%
Vale et al. (2010) Portugal: 245 children (43% 
girls); 3.5-6 yrs
ActiGraph accelerometer: minimum wear time= 3 
days
MPA: 1680- 3360 CPM
VPA: >3360 CPM
Pate MVPA weekday:
Boys: 13.2%
Girls: 10.8%
MVPA weekend:
Boys: 12.5%
Girls: 10.2%
Average MVPA: 11.7%
Williams et al (2008) USA: 198 children (50% 
girls), age: 3-4 yr olds
n= 80 3-yr olds
n=118 4-yr olds
ActiGraph accelerometer (15-sec epochs, >3 
days, mean 12.7 hrs/day)
Pate LPA:
32.6%
MVPA:
12.6%
Actiwatch accelerometer
Specker & Binkley (2003) USA: 178 children (53% 
boys), age 3-4 yrs.
Actiwatch accelerometer (48 hrs) (epoch length 
not reported)
Not reported MVPA: 12.1%-14%
VPA: 4.5-5.4%
Actiheart accelerometer
 
 
55 
 
Author (year) Study sample Physical activity type/measure Cut-points used (where 
relevant)
Prevalence
Collings et al. (2013) England: 398 children (41% 
boys), median age 4.1 years
Actiheart accelerometer (60 second epochs): 
mean wear time 1425.6 ± 63.6 mins/day, 5 days.
Pate LPA:
Boys: 30.0%
Girls: 29.4%
Average: 29.7%
MVPA:
Boys: 4.3%
Girls: 4.0%
Average: 4.1%
VPA:
Boys: 1.7%
Girls: 1.6%
Average: 1.7%
MVPA:
Boys: 6.2%
Girls: 5.8%
Average: 5.9%
*Hesketh et al. (2014a) England: 593 4-year old 
children (49% male) 
Actiheart accelerometer (60 second epoch); mean 
wear time: 14.2 hours/day, 5 days
Actiheart cut-point 
derived and validated to 
be comparable to >100 
CPM (LPA) and >2000 
CPM (MVPA)
LPA: 58.6%
MPA: 4.2%
VPA: 3.8%
MVPA: 8.2%
Actical accelerometers
LaRowe et al. (2010) USA: 108 American Indian 
children (47% girls), 2-5 yrs
Actical accelerometers (15 sec epoch), mean 
wear time: 14.2 hrs/day, 4 days
Pfeiffer MVPA:
2-3 yrs: 1.7%
4-5 yrs: 2.3%
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Author (year) Study sample Physical activity type/measure Cut-points used (where 
relevant)
Prevalence
RT3 accelerometer
Jauregui et al. (2012) Mexico: 205 children (58% 
girls), mean age 5.95 yrs
RT3 accelerometers (60-sec epoch); mean wear 
time 13.6 hrs/day, 4 days.
Rowlands MVPA: 
Boys: 20.0%
Girls: 15.3%
Direct Observation
Bower et al. (2008) USA: 20 centres. Observation System for Recording Activity in
Pre-schools (OSRAP): 8 x 32 min periods over 2 
consecutive days at childcare; observation 
periods excluded nap and meal times
Not applicable MVPA: 9-15%
Mid-range: 12%
Brown et al. (2009) USA: 476 children (49% 
girls); age 3-5 years.
Observation System for Recording Activity in 
Children- Preschool Version (OSRAC-P): 
observed 5-6 hours in preschool over one day.
Not applicable LPA: 8%
MVPA: 3%
Pate et al. (2008) USA: 438 preschool 
children (50% girls), mean 
age 4.2 ± 0.7 yrs
Observation System for Recording Activity in 
Children- Preschool Version (OSRAC-P): 
observed in 10-12 30-minute sessions over 10 
days
Not applicable Nap included:
LPA: 8.1%
MVPA: 2.6%
Nap excluded:
LPA: 10.5%
MVPA: 3.4%
Heart rate monitoring
Jago et al. (2005) USA: 142 children, mean 
age = 4.4 ± 0.6 yrs.
Quantum XL telemetry heart rate monitor (1-min 
epochs): 12 hrs/day, 4 days
MVPA: >140 bpm/hr 
Not applicable MVPA: 7%
*Not included in published manuscript (Hnatiuk et al. 2014)
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At the time of commencement of this thesis, only two studies were identified that
examined physical activity in children under 2 years old.  Using direct 
observation, one study found children engaged in MVPA for only 5% of the time 
spent indoors at a childcare centre and 21% of the time when outdoors (Gubbels 
et al. 2011).  The other study utilised parent report of physical activity and found 
that average time spent in LMVPA (> 4 METs) was 1.45 hours/week (boys) and
1.05 hours/week (girls) at 1-2 years old, 1.51 hours/week (boys) and 1.21
hours/week (girls) at 2-3 years old, and 1.27 hours/week (boys) and 1.09 
hours/week (girls) at 3-4 years old (Manios 2006). More recently, one other study 
has examined physical activity in toddlers. Wijtzes and colleagues (2013)
assessed 2 year old Dutch children’s physical activity via ActiGraph 
accelerometry using the Sirard cut-points and found that children in the study 
spent 10% of the time in LPA and 5% of the time in MVPA. In this sample, 
virtually no children met the 180 minute LMVPA guideline and about one quarter 
met the NASPE guideline of 90 minutes of LMVPA/day (Wijtzes et al. 2013).
In summary, while a number of studies have reported the prevalence of physical 
activity in preschool children, few studies have reported the prevalence of 
physical activity in toddlers. Those that have employed objective measures to 
assess physical activity in preschool children have reported a broad range of 
estimates, depending on the methodology used (Hnatiuk et al. 2014).
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2.7 Patterns of physical activity in young children
While the majority of studies conducted to date have examined total accumulated
physical activity across the day, few have examined physical activity levels across 
different periods of the day in children under age five. The examination of 
physical activity patterns takes into account the structure of the day which may 
provide specific guidance into the most effective times of the day to promote 
physical activity in young children. For example, during periods of the day when 
physical activity is low, public health messages or intervention programs may 
specifically target increases in physical activity during that time period as a way 
of increasing total physical activity levels. Nearly all the papers reporting on 
patterns of young children’s physical activity were published within the past two
years and assessed physical activity patterns by the time of day.
Findings from these studies have largely focused on breaking up the data into
hourly periods across the day (Brasholt et al. 2013; Cauwenberghe et al. 2012; 
Hesketh et al. 2014a; O'Dwyer et al. 2014; Senso et al. 2014; Verbestel et al. 
2011) or into segmented periods of the day (e.g. morning, afternoon, evening) 
(Hesketh et al. 2014a; Olesen et al. 2014; Ruiz et al. 2013). When examining 
hourly patterns of physical activity, Hesketh and colleagues (2014a) and Senso 
and colleagues (2014) have both found peaks of MVPA and LPA occur in mid-
late morning and mid-late evening while Van Cauwenberghe and colleagues 
(2012) found peaks during mid-morning and late afternoon. Additionally, patterns 
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of physical activity across the day have been shown to differ by age group 
(Verbestel et al. 2011) and sex (O'Dwyer et al. 2014) and between weekdays and 
weekend days (Brasholt et al. 2013; Olesen et al. 2014).
Another study identified in the literature (Ruiz et al. 2013) has examined patterns 
of physical activity in a different manner. The authors of that study examined 
patterns of children’s accelerometry data and grouped their behaviours into four 
categories of isolated spurt activity (a single MVPA event <4 epochs followed by 
>4 epochs of non-MVPA before and after), isolated sustained activity (a single 
MVPA period >4 epochs in length with >4 epochs of non-MVPA before and after 
it), clustered spurt activity (an event comprised of a series of MVPA periods that 
average <4 epochs, where there are no periods >4 epochs of non-MVPA) and 
clustered sustained activity (an event comprised of a series of MVPA periods that 
average >4 epochs, where there are no periods of >4 epochs of non-MVPA). It 
was reported that isolated and clustered spurts remained relatively stable across 
the day but that isolated sustained activity and clustered sustained activity 
increased throughout the day (Ruiz et al. 2013). This approach to examining 
physical activity data could be useful to better understand how physical activity is 
accumulated in young children to assist with the development of more effective
activities to maximize young children’s participation in MVPA.
The physical activity that children engage in throughout the day is often 
influenced by a number of factors within their environment. The following 
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sections will provide an overview of the different models available to guide 
understanding of young children’s physical activity.
2.8 Theoretical models to guide understanding of influences on 
young children’s physical activity
Behavioural theories are utilised in research as they can help to explain children’s 
physical activity behaviour and can assist in the development of intervention 
programs. Although the use of behavioural theories in their current form has been
debated (Brug, Oenema & Ferreira 2005), using theory to guide development of 
research is still thought to be more valuable than not incorporating theory at all
(King et al. 2002).
There are many theoretical models available to examine physical activity 
behaviour, however the theories most relevant to understanding physical activity 
behaviour in this population group specifically, include the ecological model 
(Bronfenbrenner 1979), the family influence model (Kimiecik, Horn & Shurin 
1996), the social cognitive theory (Bandura 1986), and social cognitive theory-
family perspective (Taylor, Baranowski & Sallis 1994). The following section 
examines the most relevant theories for this young population group and provides 
an overview of their strengths and weaknesses.
 
 
61 
 
2.8.1 Ecological model
The ecological model suggests that an individual is nested within, and interacts 
with, varying levels of a changing environment (Bronfenbrenner 1979). The 
model comprises of inter-related structures, namely the microsystem (face-to-face 
interactions in specific settings, such as with immediate family, social networks), 
the mesosystem (interrelations among the various settings in which the individual 
is involved, including schools, church), the exosystem (settings which do not 
involve the individual directly but nonetheless affect what happens to that 
individual, such as the community), and the macrosystem (the larger social 
system in which the individual is embedded, for example, cultural beliefs and 
economic conditions) (Bronfenbrenner 1979).
Health promotion has most commonly been explained through a three-level 
social-ecological approach examining individual, societal and environmental 
factors (Stokols 1992), although a five-level approach examining intrapersonal 
factors, interpersonal processes and primary groups, institutional factors, 
community factors and public policy has also been proposed (McLeroy et al. 
1988). In the area of behavioural physical activity, ecological models have 
informed the development of surveys to identify correlates of physical activity in 
adults (Trost et al. 2002) and in children and adolescents (Sallis, Prochaska & 
Taylor 2000) as well as to assist with intervention development. 
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2.8.2 Family influence model
In recognition of the influence of family on children’s physical activity, 
researchers (Kimiecik, Horn & Shurin 1996) developed a family influence model
based on components of the social cognitive theory (Bandura 1986) and the 
expectancy-value model (Wigfield & Eccles 2000).  The family influence model 
suggests that the home environment is the underlying core for understanding 
family influence on a child’s physical activity.  This model includes parental and 
sibling beliefs and behaviour and their interaction, which results in a child’s 
perception of parent and/or sibling beliefs and ultimately impacts the child’s 
beliefs and physical activity participation. It also suggests that this process does 
not exist in absence of influences of external factors.  Therefore, the model 
suggests that the external environment and the demographic and family 
characteristics influence both the home environment and the child’s beliefs and 
physical activity participation (Kimiecik, Horn & Shurin 1996).
A limitation of this model is that it does not acknowledge that bi-directional 
relationships between people and their environment may exist. In other words, it
neglects the fact that, through their actions, people create as well as select 
particular environments. For example, it does not recognise that a highly active 
child could elicit a change in the home environment. 
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2.8.3 Social cognitive theory
The social cognitive theory is a theoretical paradigm which suggests that people 
are both producers and products of their social system; they are not entirely driven 
by internal forces nor automatically shaped and controlled by their environment
(Bandura 1992).  The theory is based on triadic reciprocal determination, where 
human cognition, behaviour and environmental events all operate as interacting 
determinants of each other (Bandura 1986). These influences are not necessarily 
of equal strength nor do they happen simultaneously, but rather they may occur
independently or in response to each other’s actions.  The major construct 
regulating social cognitive theory is self-efficacy, or the belief in one’s ability to 
produce a desired effect.  Self-efficacy can be developed in four ways: through a) 
mastery experiences, b) social role models, c) social persuasion and d) the 
reduction of negative stress reactions (Bandura 1977).
The social cognitive theory has been utilised to guide physical activity 
interventions and has been shown to be a good predictor of physical activity 
participation in adults (Dzewaltowski, Noble & Shaw 1990). However, its use in 
young children can be limited, mainly due to children’s immature cognitive 
awareness as well as the important influence of the family in children of this age.
For this reason, a modified version of the social cognitive theory has been 
developed and is described below.
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2.8.4 Social cognitive theory- family perspective
Similar to Bandura’s social cognitive theory, the social cognitive theory- family 
perspective utilises triadic reciprocal determinism, however it is adapted for two 
or more individuals, in particular the parent-child relationship. It suggests that bi-
directional influences are observed between the parent’s cognitions and 
behaviour, the child’s cognitions and behaviour and the larger environment 
(Taylor, Baranowski & Sallis 1994). For example, a parent who frequently takes 
a child outdoors has the potential to increase physically active behaviours in that 
child than if the parent had kept the child indoors.  On the other hand, a child who 
seems content to stay indoors and play quietly may reduce the likelihood of the 
parent taking that child outdoors to play.  Because young children, particularly 
those under age three, possess little autonomy it is logical that the parent-child 
relationship is acknowledged. The unique features of this model make it 
particularly relevant for understanding young children’s physical activity 
behaviours, and it will therefore be used to underpin this thesis.
The following section provides a review of the most frequently studied correlates 
of young children’s physical activity presented according to the social cognitive 
theory- family perspective model.
2.9 Correlates of young children’s physical activity 
In the social-cognitive theory- family perspective model, environment can 
encompass a wide range of influences including policy, organisational and 
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neighbourhood physical environment. Although broader environmental correlates 
have been examined in research on preschool aged children (Carson, Rosu & 
Janssen 2014), for the purpose of this thesis the environment will specifically 
examine the home environment, rather than the larger community or society as a 
whole.  Additionally, while some demographic variables such as age and sex of 
the child and number of siblings have been identified as correlates of physical 
activity in pre-schoolers (Hinkley et al. 2008; Remmers et al. 2014; van Sluijs et 
al. 2013) and toddlers (Wijtzes et al. 2013) they will not be discussed in detail 
within this framework, in order to contain the scope of this thesis to those that are  
modifiable in nature.
Figure 2.1 depicts a model of the amount of research that has been conducted on 
the correlates of physical activity in children aged 0-5, using the social-cognitive 
theory- family perspective. Some research VWXGLHVKDVEHHQFRQGXFWHG
examining associations between the home environment and parental behaviours, 
while little research (< 10 studies) has been conducted examining parent 
cognitions, child cognition and child behaviour. These findings will be discussed 
in turn below.
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Figure 2.1 A model highlighting the amount of research conducted in each 
component of the social-cognitive theory- family perspective1
1Bold= little research (<10 studies), italics= some research (>10 
studies)
2.9.1 Home environment
The only home environmental variables studied in children under five to date are 
yard space, equipment and time spent outdoors. Two studies have reported that 
yard space was viewed by parents as an importance influence on physical activity 
in their children (Hinkley et al. 2011; Spurrier et al. 2008).  In one of the studies
that used a qualitative methodology (Hinkley et al. 2011), some parents felt that 
small backyards could not support physical activity for any length of time, while 
others thought that despite a small yard, physical activity was possible or was 
manageable through inside activities such as dancing. Similar patterns of beliefs
appeared for toys and equipment, as some parents believed that having toys and 
Home Environment
Parent Behaviour Child Behaviour
Child CognitionsParent Cognitions
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equipment available for children enhanced their physical activity levels, while 
others believed that children could be active with minimal toys and equipment
(Hinkley et al. 2011). Quantitative, cross-sectional research findings also suggest
that both yard size and outdoor play equipment are associated with more parent-
reported outdoor play in preschool children (Spurrier et al. 2008), while lack of
finances and safety act as barriers to encouraging physical activity (Bevan & 
Reilly 2011).
The relationship between time spent outdoors at home and phyiscal activity levels
in young children is more commonly reported than yard space and equipment.  In 
cross-sectional studies using direct observation, Sallis and colleagues (1993)
found that time spent outdoors had the strongest association with physical activity 
levels of preschoolers, while Klesges and colleagues (1990) reported that as the 
percentage of time spent outdoors increased, physical activity in children also 
increased. When children were outdoors they spent a much higher percentage of 
their time being physically active compared to when they were indoors
(Baranowski et al. 1993; Hinkley et al. 2012d; Tey et al. 2007). The number of 
visits to a active play spaces has also been identified as a correlate of physical 
activity in boys and girls (Hinkley et al. 2012d). A review by Hinkley and 
colleagues (2008) concluded that time spent outdoors was a strong correlate of 
physical activity in young children, regardless of whether the time outdoors 
occurred in the home setting or the preschool setting.
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In addition to being a correlate for physical activity, outdoor play time is often 
used as a proxy measure for physical activity. Studies examining associations 
between having a yard at home, visiting a park/playground within the last month 
(Marino et al. 2012), and having a good park/playground nearby (Xu, Wen & 
Rissel 2014) have been found to be positively associated with engaging in greater 
than two hours of outdoor playtime in young children.
2.9.2 Parent cognitions and behaviour
Health behaviours begin early in life and parents are aware of the importance of 
encouraging these behaviours early on (Irwin et al. 2005). In young children, 
parents have a major influence on their children’s health behaviours as children 
spend a great deal of time with their parents and their parents largely control their 
behaviour and environment (i.e., act as ‘gatekeepers’ of their health behaviours).
For this reason, it is important to determine which parental cognitions and 
behaviours are important correlates of young children’s physical activity 
behaviours in order to inform the development of effective intervention strategies
for promoting physical activity in this population group.
Parent cognitions
The knowledge, beliefs and attitudes that parents hold about physical activity
generally have been shown to have an influence on preschoolers’ physical activity 
levels. Parent attitudes and perceived difficulty of encouraging outdoor play have 
been negatively associated with outdoor play time in 5-year old Dutch children 
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while including outdoor play as a ‘habit’ has been positively associated with 
outdoor play time (Remmers et al. 2014). Parents are aware of the benefits of 
physical activity for their children (Dwyer et al. 2008a), however when 
comparing parental intentions regarding their child’s physical activity to what 
they do in reality, the differences are stark. Parental views on the importance of 
physical activity have not been associated with home physical activity levels in 
preschoolers (Loprinzi & Trost 2010) and parents typically report the intention to 
pay more attention to the physical activity behaviours of their child than they do 
in actuality (Lawton et al. 1984).  This is perhaps due, in part, to the fact that most 
parents perceive their preschool children to be naturally active (Dwyer et al. 
2008a; Hesketh, Hinkley & Campbell 2012a; Hinkley et al. 2011), though 
numerous other barriers such as time, financial resources, family structure,
weather, and age of the child have also been identified as important influences on 
physical activity (Dwyer et al. 2008b; Irwin et al. 2005). Parents also perceive 
differences in the ‘natural’ activity levels of individual children, recognizing that 
some children are more active than others (Dwyer et al. 2008a; Hinkley et al. 
2011).
In parents of 1-5 year olds, high parental self-efficacy for implementing health 
promoting behaviours with their young children has been cross-sectionally 
associated with better dietary and reduced sedentary behaviours as well as 
children’s outdoor play time (Campbell et al. 2010; Xu, Wen & Rissel 2014).
However, mothers of one-year olds were significantly more likely to report high 
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self-efficacy for limiting these behaviours than mothers of five-year olds 
(Campbell et al. 2010).  This finding suggests that maternal self-efficacy for 
limiting these behaviours declines during the first few years of life. This could be 
a result of the increased autonomy of the child and his/her ability to influence 
parental behaviour or due to parental beliefs becoming more realistic over time.
This research was conducted cross-sectionally on two separate groups of parents. 
Few studies have examined whether parental perceptions of influences on 
children’s physical activity change over time, and if so, possible reasons for why 
these changes might occur.  
Parent behaviours
Associations between parental physical activity levels (modelling) and the 
physical activity of their child is one of the more commonly studied variables to 
date.  Most studies using self-report and accelerometry data have found some
association between parental physical activity level and child physical activity 
level (Alderman, Benham-Deal & Jenkins 2010; Cleland et al. 2011; Hinkley et 
al. 2012d; Jago et al. 2014; Moore et al. 1991; Oliver, Schofield & Schluter 2010; 
Ruiz et al. 2011; Sallis et al. 1988; Spurrier et al. 2008; van Sluijs et al. 2013; 
Vaughn, Hales & Ward 2013). However, often the intensity of activity and/or the
sex of the parent and child have influenced the findings.  In one study, parental 
VPA was the only variable associated with child physical activity level (Sallis et 
al. 1988), while in another study parental LPA or MVPA only showed 
associations with child’s activity level (Ruiz et al. 2011; van Sluijs et al. 2013).
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This latter finding of correlations in only LPA to MPA is likely due to the fact 
that this was a very sedentary population; virtually no parents and very few 
children in the study engaged in VPA (Ruiz et al. 2011).
In other studies, sex of the parents and children also played a role. Positive
associations have been observed in mothers’ physical activity and young boys’
activity (Cleland et al. 2011); however, young children are 5.8 times more likely 
to be considered active (>50th percentile) when both of their parents were active 
(Moore et al. 1991). A more recent study by Hinkley and colleagues (2012d)
identified that maternal modelling of physical activity was associated with a 
higher LMVPA in 3-5 year old girls, while co-participating in physical activity 
with the child was associated with higher physical activity in boys. Amongst 
toddlers, parent reported physical activity was positively associated with 
children’s outdoor play time (Xu & Wen 2012).
Overall, it seems that the few studies which have been conducted highlight the 
importance of parental modelling of physical activity at this young age. Only 
three studies in preschool aged children (Loprinzi & Trost 2010; Østbye et al. 
2013; Trost et al. 2003) have shown no association between parental physical 
activity and preschoolers’ physical activity and a third (Zecevic et al. 2010) found 
a result which approached significance, but was not statistically significant. It is 
important to note that two of these studies which did not find any differences used 
subjective measures to determine the amount of physical activity in which 
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children engaged. These measures are subject to greater measurement error than 
objective measures (see section 2.5).
A logical assumption would suggest that if parents are spending some of their
time being physically active, they may be doing this activity with their young 
children.  Interestingly, very few studies have examined this concept of parent-
child co-participation.  One study found no association between family co-
participation in physical activity and physical activity levels of 5-6 year olds 
(Cleland et al. 2011) whilst the other study found that parents reported 60 minutes 
of their day is spent in physical activities with their child, and that this amount of 
time declines as the child grows up (Alderman, Benham-Deal & Jenkins 2010).
Due to the minimal research on this topic, it is difficult to determine whether or 
not parent-child co-participation in physical activity is one of the reasons that
parental physical activity levels correlate with child physical activity levels.
Parental encouragement of young children’s physical activity is another variable 
studied infrequently in the literature.  Some research has found no relationship 
between 4 year olds’ physical activity and parental prompts to be active (Sallis et 
al. 1993), while other research has found that parental encouragement to be active
is correlated with VPA in 2-4 year old children (Klesges et al. 1986) or outdoor 
play time (Vaughn, Hales & Ward 2013).  Additionally, paternal encouragement 
of physical activity has been found to be a significant predictor of young boys’ 
change in MVPA over five years (Cleland et al. 2011).
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Parental rules regarding physical activity have only been examined in a few
studies (Hinkley et al. 2012d; Østbye et al. 2013; Sallis et al. 1993; Vaughn, 
Hales & Ward 2013), despite the fact that such rules dictate what physical activity 
young children are allowed to participate in at home and while under supervision 
of their parent. Having rules that facilitate engagement in physical activity 
indoors and outdoors have been positively associated with young children’s 
physical activity. For example, rules limiting rough games in the house have been 
associated with lower objectively assessed physical activity in young children 
(Hinkley et al. 2012d; Sallis et al. 1993), while allowing active play indoors or not 
restricting active play due to inclement weather has been associated with higher 
physical activity levels (Vaughn, Hales & Ward 2013). In more recent 
qualitative research, parents reported that they use rules to both encourage and 
discourage activity.  For example, some parents would set limits on screen time to 
encourage physical activity, while others would limit what their child could 
physically do or where they could go, typically out of fear of child safety, stranger 
danger or traffic accidents (Hinkley et al. 2011).
In two studies, correlates of preschoolers’ physical activity were not analysed 
individually, but rather in combination with one another to determine their 
combined influence on children’s physical activity levels (Loprinzi & Trost 2010; 
Zecevic et al. 2010). The first study assessed the parents’ age, sex, own physical 
activity levels, enjoyment of physical activity, perceptions of importance of 
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physical activity and child competence in physical activity to determine a level of 
‘parental support’ for physical activity.  The investigators then used this model of 
parental support to determine its influence on preschoolers’ physical activity 
levels at home.  This study found that 19% of the variance in parental support was 
explained by the aforementioned parental characteristics, whilst 9% of the 
variance in children’s physical activity level at home was explained by parental 
age, sex, parental perception of competence and parental support for physical 
activity (Loprinzi & Trost 2010). The other study assessed physical activity 
support in terms of encouraging physical activity, participating in physical 
activity with the child, providing transportation for the child to be active, 
watching the child engage in physical activity and telling the child physical 
activity was good for his/her health (Zecevic et al. 2010). The results of the study 
concluded that children who received greater support from parents were 6.3 times 
more likely to be highly active (top tertile of sample) than inactive (bottom tertile 
of sample) (Zecevic et al. 2010). Parental use of physical activity to control 
children’s behaviours has been examined as a correlate of children’s physical 
activity levels (Vaughn, Hales & Ward 2013). This study found that higher 
MVPA levels and outdoor play time were observed amongst children whose 
parents used physical activity as a reward for good behaviour (Vaughn, Hales & 
Ward 2013).
In summary, several parental cognitions and behaviours have been associated 
with their child’s physical activity. Although studies are limited in number, they 
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do suggest that parents can have an impact on their child’s activity level and are 
potential targets for early intervention programs. However, it as the majority of 
the work conducted to date has been cross-sectional in nature, it is difficult to 
determine the direction of the association. For example, it is possible that for 
some of these associations observed, it is the child behaviours (e.g. what the child 
enjoys doing) that results in a particular parent behaviour, rather than a parent 
behaviour eliciting physical activity behaviour in the child.  
2.9.3 Child cognitions and sedentary behaviour
Unlike the literature on parent cognitions and behaviours, very few studies have 
examined the influence of a young child’s own cognitions and behaviour on 
his/her physical activity levels. This is likely due to the inability to assess child 
cognitions directly and the challenges of assessing child behaviour.  In this age 
group, parent report of child behaviour is most common, though objective 
observations have also been utilised.
Child cognitions
The only constructs in this area studied to date are the child’s personality and 
preference for or enjoyment of activity (assessed by parent or teacher-report).
Personality correlates such as being less obedient and compliant, less shy and 
reserved, more self-assertive, more aggressive, more competitive, more 
manipulative, more energetic and less physically cautious have been associated 
with high physical activity levels in preschoolers (Buss, Block & Block 1980).
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However, when looking at personality types, Sallis and colleagues (1988) found 
no relationship between Type A personality (characterised, in general, as being 
achievement-orientated, impatient, competitive, aggressive) and preschool 
children’s physical activity level. Preference for physical activity/outdoor play
has been studied in qualitative (Dwyer et al. 2008a; Dwyer et al. 2008b; Hinkley 
et al. 2011; Irwin et al. 2005) and quantitative (Hinkley et al. 2012d; Vaughn, 
Hales & Ward 2013) research. Qualitative research amongst parents has 
suggested that if a child enjoyed physical activity, it was much easier to 
encourage physical activity in that child, compared to a child who preferred more 
sedentary pursuits (Irwin et al. 2005). Furthermore, higher levels of child 
autonomy have been associated with higher levels of physical activity at 5 years 
of age (Remmers et al. 2014).
Child sedentary behaviour
The relationship between sedentary behaviour and physical activity levels in 
preschool children has mainly (Burdette & Whitaker 2005a; Burdette, Whitaker & 
Daniels 2004; Ross et al. 2013; Zecevic et al. 2010), though not exclusively (Jago 
et al. 2005), focused on television viewing.  The results of the influence of 
television viewing habits on physical activity are still largely inconclusive in 
preschool children. One study found that watching less than one hour of 
television per day increased the likelihood (by 4.7 times) of a child achieving the 
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recommended amount of physical activity (Zecevic et al. 2010) whilst another 
found that television viewing time was inversely correlated with physical activity 
levels and time spent outdoors (Burdette, Whitaker & Daniels 2004). However, a
third study found no association at all (Burdette & Whitaker 2005a).
Some of these differences may be accounted for by the use of different 
methodologies in each of these studies. Examining a wider range of sedentary 
behaviours objectively through heart rate monitoring and direct observation,
rather than television viewing alone, Jago and colleagues (2005) found that 
sedentary behaviour was predictive of physical activity levels in preschoolers 
over a three year period. These studies suggest that television viewing is inversely 
associated with physical activity. A strength of these studies was the use of 
objective measures and longitudinal research designs.
2.9.4 Summary of the correlates of young children’s physical activity
Although undoubtedly sparse, research to date has mainly focused on the
influence parents have on their children’s physical activity behaviour, though few 
correlates have demonstrated consistent associations with physical activity across 
studies (De Craemer et al. 2012; Hinkley et al. 2008). Much of the research is 
cross-sectional in nature, limiting the ability to determine temporal associations. 
Additionally, only two studies have examined modifiable correlates of physical 
activity exclusively in children under age three (Wijtzes et al. 2013; Xu, Wen & 
Rissel 2014), both of which were published after this thesis commenced. Thus, 
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there remains a paucity of research examining factors within the home setting that 
influence young children’s physical activity, particularly those utilising 
longitudinal designs.
2.10 Summary of literature review
As reviewed in the preceding sections, there is a paucity of literature on young 
children’s physical activity, and many questions around physical activity levels 
and patterns remain, particularly in the 0-3 age group. Furthermore, despite the 
importance of parents in shaping children’s physical activity behaviours, no 
studies have examined early childhood predictors of physical activity, or how 
parent beliefs regarding their child’s physical activity change over time.  
Investigating these questions will provide unique and novel data and a better 
understanding of current physical activity behaviours of this young population.
Such evidence can be used to inform future intervention strategies to increase 
physical activity in this population group.
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2.11 Thesis aims
The overall aim of this thesis is to describe and understand young children’s (0 - 3
years) physical activity. The specific objectives are as follows:
1) To determine physical activity levels and patterns in toddlers,
2) To examine early childhood predictors of toddlers’ physical activity,
3) To examine the tracking of maternal beliefs regarding their child’s 
physical activity over 15 months; and
4) To examine maternal facilitating behaviours and young children’s 
physical activity across different periods of the day.
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Chapter 3: Methods of the 
Melbourne InFANT Program
3.1 Introduction
The first three studies in this thesis (reported in Chapters 4-6) utilise data from the 
Melbourne Infant, Feeding, Activity and Nutrition Trial (InFANT) Program. 
Described in detail previously (Campbell et al. 2008), the Melbourne InFANT 
Program was a cluster randomised controlled trial (RCT), with an obesity 
prevention intervention delivered to first-time parents in Melbourne, Australia 
between June 2008 and February 2010. The rationale for the development of the 
program was informed by research indicating that obesity-promoting behaviours, 
including physical inactivity, begin early in life and parents play a large role in 
shaping these behaviours (Campbell et al. 2008). However, previously, no studies 
had been published that specifically focus on improving obesity promoting 
behaviours within the first two years of life. As such, family interventions 
targeting physical activity and other obesity protective behaviours were desired. 
The Melbourne InFANT Program aimed to test the effectiveness of a childhood 
obesity prevention intervention delivered to first-time parents, focusing on 
parenting skills which support the development of positive health behaviours 
(such as engaging in active play every day and parental modelling of physical 
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activity) from infancy (4 months old). The intervention took an anticipatory 
guidance approach to targeting these behaviours and provided parents with 
knowledge, skills and strategies to promote positive behaviours ahead of the 
child’s anticipated developmental milestones (e.g. what to expect in the coming 3 
months). The intervention was delivered quarterly by a trained dietician for 15 
months (six 2-hour sessions), beginning when the children were 3-4 months of 
age. Families allocated to the control group received no intervention beyond usual 
care, however they did receive regular newsletters about other child health issues 
(e.g. oral health). 
Only a brief description of the intervention employed in the Melbourne InFANT 
Program has been provided in this chapter as intervention effects are not a focus 
of this thesis. This chapter will focus on sample recruitment, measures used and 
procedures followed to collect evaluation data for the program. Additionally, 
while the Melbourne InFANT Program assessed a number of early health 
behaviours these will not be discussed further, as only variables related to 
physical activity are relevant to this thesis. 
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3.2 Aims
The aim of this chapter is to provide an overview of the methods employed in the 
Melbourne InFANT program that are directly relevant to this thesis1. As the 
candidate had not begun her candidature when the Melbourne InFANT Program 
began, she was not involved in the development of measures or data collection 
outlined in Sections 3.3 – 3.7.
3.3 Ethics approval
Ethics approval for the Melbourne InFANT Program was obtained from the 
Deakin University Ethics Committee and from the Victorian Government’s Office 
for Children prior to commencement of candidature.
3.4 Participant recruitment
3.4.1 Melbourne InFANT Program
Study participants were recruited through first time parents groups in Melbourne, 
a city of around four million people in Victoria, Australia following a two-stage 
process. In the first stage, local government areas (LGAs) within a 60 km radius 
of the research centre (Deakin University- Melbourne Burwood Campus) were 
randomly selected to participate in the study.  Fourteen of a possible 28 LGAs 
were approached to participate at baseline. Of these 14 LGAs, one declined to 
1 Additional methodological details that are uniquely relevant to studies 1-3 are provided in the 
methods section of the appropriate chapter.  
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participate and therefore the next randomly selected LGA was approached and 
agreed to participate.  This random selection resulted in reasonable representation 
across socioeconomic groups. Three LGAs were in the lowest tertile of socio-
economic disadvantage (low SEIFA2), eight were in the middle tertile (middle 
SEIFA) and three were in the highest tertile (high SEIFA) (Australian Bureau of 
Statistics 2008).
In the second stage of recruitment, 50% of eligible parents’ groups (regularly 
established by maternal and child health nurses) within each randomly selected 
LGA were approached to participate. Where 50% resulted in an odd number of 
groups within an LGA, an additional group was included to ensure an equal 
number of intervention and control groups within each LGA.  First time parents 
groups were required to have at least 8 parents in the group for middle and high 
SEIFA regions, and at least 6 parents in the group for low SEIFA regions. The 
modified criterion was established for low socio-economic position regions 
because parents in these regions are less likely to attend first-time parents groups.  
A research staff member attended the first time parents group to inform 
participants about the study and distribute information packages. If a group 
declined to participate, another one in the same LGA was approached.  A total of 
2 SEIFA refers to the Socio-Economic Index for Areas and categorizes different areas of Australia 
based on socio-economic position. Low SEIFA = 1-5, Middle SEIFA = 6-8, High SEIFA = 9-10.
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542 parent-child pairs (within 62 different parent groups) provided informed 
consent to participate in the study at baseline (response rate = 72%).
3.5 Measures
3.5.1 Measures of maternal cognitions and behaviours
While the InFANT program targeted the primary care givers (mothers or fathers), 
the child’s main carer was identified as the child’s mother for all aspects of this 
thesis, as only children with mothers identified as their main carer provided 
accelerometry data. For this reason, only maternal cognitions and behaviours 
around physical activity were examined. To assess these variables, the child’s 
mother completed questionnaires at three time points relevant to this thesis- T1 
(baseline): children approximately 4 months old; T2 (mid-intervention): children 
approximately 9 months old; and T3 (post-intervention): children approximately 
19 months old. All questions on maternal cognitions and behaviours relating to 
physical activity were developed by the research team as there were no prior tools 
to assess such constructs in this age group that had been previously published. 
The questions developed were informed by previous qualitative (Hesketh & 
Campbell 2007) and quantitative research (Campbell et al. 2010), current physical 
activity guidelines for 0-5 year olds (Australian Department of Health and Ageing 
2008; National Association for Sport and Physical Education 2002) and, in the 
absence of validated questionnaires, on scales trialled by the researchers which 
sought to assess the constructs of  interest. The surveys for T1 and T3 
 
 
85 
 
incorporated very similar questions, simply reworded based on the child’s stage 
of development (e.g. using the term “child” vs. “baby”), where necessary. 
Additionally, some items were removed at T3 if no longer applicable based on 
typical child development (e.g. “I am concerned that my baby might hurt 
him/herself if I leave him/her lying on the floor). Additional details on the 
questions included in the surveys are provided in section 5.3.3. The questionnaire 
at T2 was a scaled down version of the T1 questionnaire in order to reduce 
participant burden mid-intervention. Please see Appendices 3.1, 3.2 and 3.3 for 
the surveys used at T1, T2 and T3.
As all questions regarding physical activity were purpose-designed, a separate 
test-retest study was completed between July and December of 2009 in order to 
ensure the measures employed in the InFANT questionnaires were reliable. Three 
groups of parents (parents of 4 month olds, parents of 9 month olds, and parents 
of 19 month olds) were recruited for the study through playgroups and 
advertisements in maternal and child health nurse offices. Participants filled out 
two questionnaires approximately two weeks apart and received a small gift in 
appreciation of their time. The relevant results from the test-retest reliability study 
are presented in section 5.3.3.
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3.5.2 Measures of physical activity
To assess physical activity, children wore an ActiGraph accelerometer (Model 
GT1M, Pensacola, Florida, USA) for seven consecutive days at T3, which was set 
to record movement counts using a 15-second epoch. This tool was chosen to 
assess physical activity as it is the most commonly used objective measure of 
young children’s physical activity (Ridgers & Fairclough 2011), has been 
validated in the toddler population (Trost et al. 2011), allows for the 
determination of time spent in LPA and MVPA and captures data in real time
(i.e., data are time and date stamped). Children were required to wear the 
accelerometers over their right hip during all waking hours, except when 
swimming and bathing. Mothers were asked to record any time that the child did 
not wear the monitor, and the reason for removal.  
3.6 Data collection procedures
3.6.1 Questionnaire data
Baseline (T1) questionnaires were distributed to mothers upon their consent to 
participate in the study. For both intervention and control group participants, 
questionnaires were collected at the first InFANT intervention session at the same 
time as other baseline data (such as height and weight of their babies). These 
‘sessions’ for intervention group participants included the delivery of the 
intervention, but for control group participants they were simply used for data 
collection purposes. If participants did not complete their questionnaire by the end 
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of the first session, they were given a reply-paid envelope and asked to mail back 
the survey. 
The mid-intervention (T2) questionnaire was posted to participants prior to the 
third session and they were asked to bring it back at session 3. Similar to T1, if 
participants did not return their surveys they were given a reply paid envelope and 
asked to mail the survey to the researchers. At intervention completion (T3) all 
participants were given the surveys with a reply paid envelope at the final session 
and asked to return the completed version via mail. Extensive efforts were made 
by the research staff to ensure that all questionnaires were returned and complete. 
If data were missing in the questionnaire, research staff would follow-up with a 
telephone call to obtain the missing data verbally. Small gifts were given to all 
participants at each time point as compensation for their time. A total of 530 
families (97.8%) returned their surveys at T1, 488 (90.0%) at T2 and 480 (88.6%) 
at T3. 
3.6.2 Accelerometer data
During the last session of the Melbourne InFANT Program (T3 only as children 
were not walking at previous time-points), children whose parents consented to 
wearing having their physical activity assessed (n=438) were fitted with an 
ActiGraph accelerometer which was set to begin recording their activity 
immediately. Parents were asked to send the accelerometers back to research staff
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in a pre-paid envelope the following week, along with the questionnaires. At 
completion of the intervention, 417 children (76.9% of the full Melbourne 
InFANT Program sample) provided any accelerometer data.  
3.7 Data management procedures
3.7.1 Questionnaire data
After the questionnaires were returned to InFANT staff, they were checked 
manually by research staff for multiple responses. Where participants selected 
more than one response option in a question, the least socially desirable response 
was chosen based on a consensus from research staff. Once this issue was 
addressed, the questionnaires were forwarded on to an external company for entry 
into a database. 
3.7.2 Accelerometer data
Upon return of the accelerometers to research staff, data were downloaded from 
the accelerometer using ActiLife software onto a computer at the research centre. 
The files were then processed through a purpose-designed Excel macro and 
checked manually for accelerometer malfunctions (e.g. implausibly high or low 
recordings).
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3.8 Accelerometer data reduction (T3)3
At the time of data analysis, no studies had examined the number of hours (wear 
time) and number of days of accelerometer monitoring needed to reliably estimate 
toddlers’ physical activity. However, two studies had examined the reliability in 
preschool aged children (Hinkley et al. 2012b; Penpraze et al. 2006). The first 
study examined reliability of total daily activity expressed in counts/minute and 
found that acceptable (>0.70) reliability was achieved with three to four hours a 
day of monitoring over at least a five day period, with longer wear times (beyond 
10 hrs) actually reducing the reliability (Penpraze et al. 2006).  The second study 
examined reliability for LMVPA and found that a monitoring period of 50% of 
the day for at least 2.5 weekdays and 1.4 weekend days provided good (>0.80) 
reliability (Hinkley et al. 2012b). Given that there is no consensus on how much 
wear time is needed, studies conducted on preschool aged children have applied a 
variety of criteria. For example, studies on prevalence of physical activity in 
preschool aged children have reported a minimum wear time criteria of 1 hour 
(Pate et al. 2004), 5 hours (Obeid et al. 2011), 6 hours (Burgi et al. 2011; Cliff et 
al. 2009; Dwyer et al. 2011; Mickle et al. 2011), 8 hours (Heelan & Eisenmann 
2006; Janz et al. 2004) and 10 hours (Alhassan, Sirard & Robinson 2007; Vale 
2010). The number of days required also varied from 3 days (Burgi et al. 2011; 
Cliff et al. 2009; Dwyer et al. 2011; Heelan & Eisenmann 2006; Janz et al. 2004; 
3 A manuscript based on this work has been published and is attached in Appendix 3.4.
Hnatiuk, J., Ridgers, ND., Salmon, J., Campbell, K., McCallum, Z. & Hesketh, K. 2012. Physical 
activity levels and patterns of 19 month old children. Medicine and Science in Sports and Exercise 
44 (9), 1715-1720. 
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Mickle et al. 2011; Pate et al. 2004) to 4 days (Alhassan, Sirard & Robinson 
2007; Cardon & De Bourdeaudhuij 2008; Obeid et al. 2011), and sometimes 
required a certain number of weekdays vs. weekend days (Burgi et al. 2011; 
Cardon & De Bourdeaudhuij 2008; Heelan & Eisenmann 2006). Such variation of 
wear time criteria likely impacts on the results of the studies and makes 
comparisons across studies difficult.
Reliability estimates proposed for preschool children cannot be applied to 
younger age groups as the structure of a day is likely to be quite different for 19 
month old children compared to 3-5 year old children.  Typically, 19 month old 
children are still napping, potentially for several hours throughout the day
(Iglowstein et al. 2003).  Thus, their waking hours (and therefore the potential 
wear time) is likely to be shorter for this population group. To date, of the few 
published studies which have reported toddlers’ physical activity, none have
identified an appropriate wear time criterion. Consequently, an examination of the 
wear time and number of days of monitoring required for a reliable estimate of 
physical activity was needed before analyses could be conducted on
accelerometer data. 
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3.8.1 Determining daily wear time
The daily wear time needed to constitute a ‘valid day’ for this study was 
determined using the 70/80 rule4 (Catellier et al. 2005).  This measure is sample 
specific and takes into account compliance of that sample group. It enables the 
establishment of a daily wear time criterion given that no validation studies in this 
population group exist.  Accelerometer data with 20 minutes of consecutive zero 
counts were identified as non-wear time (Catellier et al. 2005) and the remaining 
data were classed as minutes spent in LPA  and MVPA using cut-points validated 
for toddlers of <192 CPM, 192-1672 CPM and >1672 CPM (Trost et al. 2011) .
The daily wear time resulting from applying the 70/80 rule was 444 mins, or 7.4 
hours/day.   Thus, only days during which the wear time was equal to or greater 
than 444 minutes were included the analyses. This wear time is similar to the 
frequently used wear time criterion of 10 hours/day in older children (Riddoch et 
al. 2007), after taking into account nap times of the younger children in the 
Melbourne InFANT Program sample (mean nap time= 126.6 ± 35.2 mins/day).  It 
also corresponded to approximately 70% of parent-reported awake time for 
children in this sample.
4 The 70/80 rule is a method used to calculate the wear time for a valid day.  It is 
implemented by taking 80% of the length of time that 70% of participants wore the 
monitors.
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3.8.2 Determining number of days of monitoring
All children with two or more valid days of accelerometer data were included in 
the reliability analysis.  Reliability was calculated for LPA, MVPA and LMVPA 
and CPM. For each parWLFLSDQWZLWKWZR valid days of data, a random number 
was assigned to each valid day.  Five intra-class correlation coefficients (ICC) 
values were calculated for LPA, MVPA, LMVPA and CPM by comparing 
random, valid days with: a) at least 2 days of data; b) at least 3 days of data; c) at 
least 4 days of data; d) at least 5 days of data; e) at least 6 days of valid data.  As 
the ICC values changed (albeit slightly) when different combinations of random 
days were chosen, the reliability analyses were run ten times each and the average 
ICC value (for 2, 3, 4, 5 and 6 days in each intensity) was recorded.  These five 
ICC values were then averaged to provide a final ICC value, which was used in 
the Spearman-Brown prophecy formula to determine the number of days of
monitoring needed to achieve acceptable reliability of  >0.70 (Mattocks et al. 
2008).    It is important to note that while the average values for 2, 3, 4, 5 and 6 
days were taken, the values that were averaged differed very little, and thus did 
not substantially influence the number of days of monitoring needed to reliably 
estimate physical activity in this sample.  Table 3.1 outlines the results of this 
analysis.
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Table 3.1 Number of days of monitoring needed to achieve acceptable 
accelerometer reliability
Single day 
ICC
# of days to achieve reliability of specified ICC 
values
0.70 0.80 0.90
LPA 0.376 3.9 6.6 14.9
MVPA 0.497 2.4 4.0 9.1
LMVPA 0.397 3.5 6.1 13.7
CPMa 0.440 3.0 5.1 11.5
aAlthough CPM data were not utilised in this thesis, a reliability analysis was conducted 
for these variables and presented in this thesis to inform future studies should they be 
using CPM as an outcome variable.
For LPA and LMVPA, 15 days of monitoring produced the best reliability 
(>0.90). However, trying to obtain valid accelerometer data for over two weeks in 
young children would result in high participant burden and likely result in 
substantial participant non-compliance, therefore decreasing the total sample size 
available for statistical analyses.  Thus shorter monitoring periods which produce 
acceptable reliability were examined.  These analyses found that four days of 
monitoring was needed to achieve an acceptable level of reliability (>0.70) for 
LPA, LMVPA and CPM in the toddler population.  Interestingly, MVPA seemed 
to be more consistent than LPA, LVMPA and CPM.  Four days of monitoring 
provided high reliability (>0.80) and only 2.4 days provided acceptable reliability 
in this population.  The lower reliability of LPA and total activity (LMVPA, 
CPM) is difficult to explain given our limited knowledge about physical activity 
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in this age group, however, it can be hypothesized that perhaps the greater 
volumes of LPA result in more day-to-day fluctuations than higher intensity 
activity which is likely to be less frequent. As children spend more time in LPA 
than MVPA, there would be a stronger influence of LPA on total activity, 
resulting in more days of monitoring required for these variables compared to 
MVPA alone. Based on the results presented above, four days of monitoring was 
determined to be optimal as it allowed for a reliability of >0.70 for LPA, LMVPA 
and CPM and >0.80 for MVPA, while retaining the majority of the sample (Table 
3.2)7KHUHIRUHRQO\FKLOGUHQZLWK 4 valid days of accelerometer data were 
included in physical activity data analyses (T3) in this thesis.
Table 3.2 Sample sizes corresponding to reliability estimates
Number of children 
with valid data
% of sample
2 days 328 79
3 days 305 73
4 days 295 70
5 days 269 65
6 days 228 55
3.9 General data analyses
A number of decisions around data analysis have been applied to this thesis. First, 
as there were no intervention effects on physical activity levels at T3 after 
adjusting for clustering by first time parent’s group and accelerometer wear time 
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(intervention: 225.3 ± 41.0 mins vs. control: 237.4 ± 38.6 mins, p>0.19), data 
from both intervention and control groups were pooled for all analyses of 
accelerometer data at T3. This maximized the sample size for all analyses using 
physical activity as the outcome variable. Second, in the regression models in 
Chapters 5 and 6, all data were adjusted for clustering by first time mother’s 
group and for intervention group. The former was undertaken because participants 
were recruited in groups, and thus may be more similar in characteristics to one 
another than if recruited independently (Goldstein 2003). The latter was employed 
in order to ensure that no intervention effects were influencing the results of the 
analyses, given that the Melbourne InFANT Program was originally designed as a 
cluster RCT. 
3.10 Conclusion
This section provided a brief overview of the methodology employed in the 
Melbourne InFANT program, including the aim of the program, the recruitment 
strategies used, the measurement tools employed and the data collection and 
management procedures followed. It has also described a novel analysis 
undertaken for determining the number of days of monitoring needed to reliably 
estimate physical activity in toddlers (Hnatiuk et al. 2012) and described some of 
the common analyses procedures that will be used throughout the next three 
chapters of this thesis.  Additional details of methods directly relevant to studies 
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1, 2 or 3 (e.g. a more detailed description of the survey measures and management 
of these data) will be provided in the appropriate chapters.
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Chapter 4: Physical activity 
levels and patterns at 19 
months of age
A manuscript based on this chapter has been published and is attached in 
Appendix 3.4.
Hnatiuk, J., Ridgers, ND., Salmon, J., Campbell, K., McCallum, Z. & Hesketh, K. 
2012. Physical activity levels and patterns of 19 month old children. Medicine 
and Science in Sports and Exercise vol. 44, no. 9, pp. 1715-1720.
4.1 Introduction
As discussed in Chapter 2, regular participation in physical activity has been 
positively associated with young children’s physical, social, emotional and 
cognitive health (Atkin & Davies 2000; Binkley & Specker 2004; Colwell & 
Lindsey 2005; Janz et al. 2001; Janz et al. 2002; Lindsey & Colwell 2003; 
Metallinos-Katsaras et al. 2007; Saakslahti et al. 1999; Sääkslahti et al. 2004; 
Trost et al. 2003). However, there is growing evidence that physical activity 
levels of pre-schoolers (3-5 years) may be quite low. Some evidence suggests 
children can spend as little as 3-5% of their day in MVPA (Cardon & De 
Bourdeaudhuij 2008; Cliff et al. 2009; Fisher et al. 2005a; Fisher et al. 2005b; 
Hinkley et al. 2012b; Kelly et al. 2006; Kelly et al. 2005; Kelly et al. 2007; 
Mickle et al. 2011; Montgomery et al. 2004; Pate et al. 2008; Reilly et al. 2006)
and many are not meeting physical activity guidelines (180 minutes of LMVPA)
for their age group (Hinkley et al. 2012b).
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It is not apparent, however, whether these low levels of activity are present in 
toddlerhood, as the physical activity levels of children under three years of age 
are currently not known. Furthermore, it is not understood how young children’s 
physical activity is distributed throughout the day; namely whether there are 
periods of high activity and/or periods of high inactivity during which we could 
potentially intervene. It is important to determine the physical activity levels of 
children under age three in order to identify if a low activity level applies to this 
population group or whether declines in this behaviour develop during the 
preschool years. 
This information would help to determine whether interventions to increase 
physical activity are needed across the early childhood period or whether 
interventions to prevent a decline in physical activity would be more appropriate. 
If intervention strategies are needed for toddlers, it is important to understand the 
times during the day which would serve as opportunistic periods to effectively 
implement physical activity promotion strategies in this population. Additionally, 
examining patterns by demographic characteristics would help to determine 
whether different approaches to promoting physical activity may be needed in 
population sub-groups.
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4.2 Aims
The aims of this chapter were to:
a) Describe the current physical activity levels and patterns of toddlers in 
Melbourne, Australia; and
b) Determine compliance with existing Australian physical activity 
guidelines for this age group.
4.3 Methods
A general overview of methodology used in this study was provided in Chapter 3.
Information contained below includes additional details relevant to this chapter 
only.
4.3.1 Sampling
Data were drawn from the Melbourne InFANT (Infant Feeding Activity and 
Nutrition Trial) Program, which has been described in detail in Section 3.1.  In 
brief, 542 parents provided informed consent to participate in the study. During 
the first physical activity data collection period (August 2009 to February 2010, 
when the children were approximately 19 months old) 438 toddlers were given an
accelerometer, and 417 returned any data (77%). Data were analysed in mid- late 
2011. As no physical activity intervention effects were seen between the
intervention and control groups after controlling for clustering by mother’s group 
and accelerometer wear time (225.3 ± 41.0 mins vs. 237.4 ± 38.6 mins, p>0.19), 
the data from both arms of the intervention were combined for these analyses. 
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4.3.2 Measures
Physical activity was measured for seven consecutive days using ActiGraph 
accelerometers (Model GT1M, Pensacola, Florida, USA), set to an epoch length 
of 15 seconds. Child (e.g. age, sex) and maternal (e.g. maternal education, current 
employment status) demographic characteristics were obtained through the parent 
survey distributed at the time of accelerometer allocation. Maternal education 
level was used as a proxy measure of socioeconomic status, and was classified as 
low (secondary school or below), medium (trade and certificate qualifications) or 
high (university degree or higher).  Maternal employment status was categorised 
as “employed” if the child’s mother worked full time or part time and “not 
employed” if the child’s mother was on maternity leave or was currently engaged 
in unpaid home duties. As there were few mothers (n= 24) who were students, 
unemployed, retired or had selected “other” employment status, these individuals 
were excluded from the pattern analyses based on maternal employment status.
4.3.3 Accelerometer data reduction
$IWHUH[FOXGLQJWKRVHSDUWLFLSDQWVZKRGLGQRWPHHWWKHHOLJLELOLW\FULWHULD
valid days of accelerometer monitoring- see Section 3.8), complete data were 
obtained from 295 children (158 boys, 137 girls). The main reasons for exclusion 
from the analyses were no data available (child did not wear monitor) (n=66), 
accelerometer malfunction (n=3) or insufficient valid data available (n=53). Time 
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spent in LPA and MVPA per day were determined for each child as described in 
Section 3.8, and the minutes spent in each intensity were averaged across the 
number of valid days for each child.  The proportion of time spent in activity was 
also examined by dividing the time spent in LPA and MVPA by the average 
accelerometer wear minutes for each child. The number of children who met the 
physical activity guidelines was determined by summing the time spent in LPA 
and MVPA. Two methods were used to calculate whether or not children were 
meeting guidelines: a) the number of children who met the guidelines on an 
average day (mean physical activity level across all valid days), termed the 
“average day method” and b) the number of children who met the guidelines each 
day (every day method). These two methods have been used to assess compliance 
with physical activity guidelines in preschool-aged children (Hinkley et al. 2012b)
and because they tend to provide different compliance estimates, both have been 
included in this thesis.
Accelerometer data were also analysed using customised Excel macros in order to 
examine the data by hourly periods.  The pattern analysis allowed for the 
determination of the time spent in LPA and MVPA for each hour between 6 am 
and 8 pm.  This time frame was chosen because it represented the hours during 
which a minimum of 20% of the sample would be included in the analyses (as 
determined from the examination of a random sub-sample of children), and 
represents logical times during the day for interventions to be implemented.  
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Hourly periods were chosen based on previous pattern research in the published 
literature (Riddoch et al. 2007; Ridgers et al. 2010) and due to the lack of 
consistent structure in a young child’s day. For example, unlike primary school 
children whose weekdays are structured by the school day, all toddlers do not 
have a consistent routine (i.e., some children are at home during the day, some are 
in formal child care, and some are in informal child care). To be included in the 
pattern analyses, children were required to have worn the accelerometer for 50% 
of each hour (i.e., 30 minutes) (Ridgers et al. 2012) and have valid accelerometer 
data for the whole day (i.e.: a wear time of >444 minutes). While previous studies 
have typically allowed all children who met the daily wear time criteria to be 
included in every hourly pattern analysis (Riddoch et al. 2007; Riddoch et al. 
2004; Steele et al. 2010), this study applied a 30 minute wear time criteria to 
attempt to reduce the potential underestimation of toddlers’ physical activity 
associated with napping, a characteristic of this young population. The time that 
each child spent in LPA and MVPA during the same valid hourly period (e.g. 
9:00 am-10:00 am) was averaged over all valid days and the average value was 
used in the final analyses. 
4.3.4 Data analyses
Descriptive statistics were initially calculated for all measured variables.  
Exploratory one-way analyses of variance (LPA, MVPA, child age) and chi-
square analyses (sex, maternal employment) were conducted to assess differences 
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between children included and excluded from the analysis.  The main analyses 
consisted of a one-way analysis of variance, where differences in daily and hourly 
LPA and MVPA were examined, with sex and maternal employment status as the 
independent variables.  All data were analysed using SPSS version 17.0 and 
statistical significance was set at p<0.05.
4.4 Results
4.4.1 Descriptive characteristics
The demographic and physical activity characteristics of the study population are 
presented in Tables 4.1 and 4.2 respectively. The only demographic characteristic 
differences observed between those included in the study and the others recruited 
for the Melbourne InFANT Program were in regards to child age and maternal 
education. The difference in age is slightly may be due to timing of recruitment 
for the study. It is possible that those parents who were more keen were recruited 
sooner (and therefore when their child was younger) than parents who were not as 
keen.  This enthusiasm may have translated into how diligent the parents were 
with ensuring their children wore the monitor at all times. The lower level of 
education may be reflective of completion rates of low socio-economic position 
populations compared to mid to high socio-economic position groups (Galea & 
Tracy 2007).
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Three children had not yet commenced walking at the time that their physical 
activity levels were assessed. Upon consensus from the research team it was 
decided to include these children in the analyses because: a) they were not outliers 
and did not skew the data presented,  b) they would be representative of the 
population of 19 month old children, c) accelerometers capture movement, rather 
than walking per se, and d) children who were walking at 19 months would likely 
spend considerable amounts of time crawling or in other non-walking movements 
(and conversely, children who were not walking would likely spend considerable 
time upright holding onto furniture or parents’ hands).
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Table 4.1 Participant demographic characteristics of children included and 
excluded from the analyses
Participant Characteristics Included 
(n=295)
Excluded 
(n=247)
Child characteristics
Male (%) 53.6 53.6
Currently walking (%)
Age (months): mean (SD)
98.3
19.1 (2.3)
98.1
21.3 (2.8)a
Mother characteristics
Age (years): mean (SD) 32.6 (4.2) 32.7 (4.3)
Education (%)
/RZVHFRQGDU\VFKRRO
Medium (trade or certificate qualification)
+LJKXQLYHUVLW\GHJUHH)
16.3
24.4
59.3
27.2a
25.1
47.7
Employment status (%)
Employed (full time or part time)
Not employed (home duties, maternity leave)
Other (unemployed, student, retired, “other”)
Missing
61.1
30.9
4.5
3.7
56.7
38.5
4.9
0.0
asignificant difference at p <0.05
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Table 4.2 Child physical activity characteristics (n=295)
Mean (SD)
Child characteristics Total Boys 
(n=158)
Girls 
(n=137)
Hourly accelerometer wear 
time (minutes)
55.0 (6.1) 55.2 (5.9) 54.8 (6.3)
Total daily accelerometer wear 
time (minutes)
586.41 (65.1) 583.9 (56.8) 589.3 (73.7)
Accelerometer wear days 6.8 (1.5) 6.9 (1.5) 6.7 (1.5)
4.4.2 Physical activity level
Table 4.3 presents the time spent in LPA and MVPA for boys and girls.  There 
were no significant differences in time spent being physically active between boys 
and girls or between children whose mothers were employed or not employed, for 
either intensity.  The mean proportion of daily time spent in LPA was 31.5 ± 
4.6% (range: 17.8% - 44.0%) and in MVPA was 8.2 ± 2.7% (range: 2.6% -
18.5%). In total, 90.5% of children met the physical activity guidelines using the
average method and 42.1% of children met the physical activity guidelines on all 
valid days using the everyday method (Table 4.4). 
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Table 4.3 Time spent in LPA and MVPA (mins/day)
LPA MVPA
Total 184.5 (30.7) 47.9  (16.2)
Boys 186.5 (31.6) 49.6 (16.3)
Girls 182.3 (29.7) 46.0 (16.0)
F-statistic, p-value 1.40, 0.24 3.60, 0.06
Mothers employed 185.3 (31.6) 48.3 (15.7)
Mothers not employed 182.3 (29.6) 48.1 (17.1)
F-statistic, p-value 0.57, 0.45 0.01, 0.92
Table 4.4 Percentage of children meeting the physical activity guidelinesa
Average 
day
0% of 
days
1-50% of 
days
51-99% of 
days
100% of 
days
Total 90.5% 0.3% 11.2% 46.4% 42.1%
Boys 91.1% 0% 11.4% 44.9% 43.7%
Girls 89.8% 0.7% 11.0% 47.4% 40.9%
aCurrent physical activity guidelines for children 0-5 years of age are 180 minutes 
of light to vigorous-intensity physical activity (DoHA 2008; CSEP 2012; DoH 
2011)
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Significant differences were observed in both LPA (189.8 mins/day vs. 134.9 
mins/day, p<0.001) and MVPA (50.0 mins/day vs. 28.5 mins/day, p<0.001) 
between those who met the physical activity guidelines on an average day and 
those who did not. Similarly, those who met the physical activity guidelines every 
day engaged in significantly more LPA (206.5 mins/day vs. 168.4 mins/day, 
p<0.001) and MVPA (57.1 mins/day vs. 41.2 mins/day, p<0.001).
No significant differences were observed between children who met the physical 
activity guidelines on an average day and those who did not based on child age, 
child sex, age when child began walking, time since child began walking or 
maternal education. When comparing children who met the physical activity 
guidelines on every day with those who did not meet them every day, no 
significant differences were found based on sex, age, time since child began 
walking or maternal education. However, children who met the physical activity 
guidelines every day began walking, on average, one month earlier than those 
who did not meet physical activity guidelines (12.7 months vs. 13.2 months, 
p<0.03).
4.4.3 Physical activity patterns
Figure 4.1 depicts the time spent in LPA and MVPA per hour for this sample 
between 6 am and 8 pm.  The periods during the day with the highest physical 
activity were between 8 am and 10 am and between 4 pm and 5 pm.  The most 
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active hour was 4 pm - 5 pm, with children spending 20.3 ± 4.5 minutes in LPA 
and 5.4 ± 2.6 minutes in MVPA during this period.  Children were least active in 
the early morning (6 am to 8 am), around midday (12 pm - 1 pm) and after 5 pm.
While a similar pattern of physical activity was observed for LPA and MVPA it 
was more pronounced with LPA due to the greater volume of LPA accumulated 
per hour.
Figure 4.2 illustrates the time spent in LPA and MVPA per hour for boys and 
girls separately.  Overall, physical activity showed a similar pattern for both 
sexes. However, boys engaged in significantly more LPA than girls between 6-7
am (13.4 mins vs. 9.4 mins, p<0.01), 7-8 am (15.4 mins vs. 13.3 mins, p<0.01), 8-
9 am (18.5 mins vs. 17.2 mins, p<0.05), 9-10 am (18.8 mins vs. 17.5 mins, 
p<0.05) and in more MVPA than girls between 6-7 am (3.3 mins vs. 2.2 mins, 
p<0.05), 7-8 am (3.8 mins vs. 2.9 mins, p<0.01), and 8-9 am (4.5 mins vs. 3.8 
mins, p<0.01), respectively.
Figure 4.3 shows the time spent in LPA and MVPA by maternal employment 
status.  Significantly higher LPA was demonstrated by children with a mother 
who worked full- or part-time than those whose mother was not in paid 
employment or was on maternity leave during the periods 8-9 am (18.8 mins vs. 
16.2 mins, p<0.001), 9-10 am (18.9 mins vs. 16.8 mins, p<0.001), 10-11 am (19.3 
mins vs. 17.9 mins, p<0.05), 3-4 pm (19.3 mins vs. 17.6 mins, p<0.05) and 4-5
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pm (20.8 mins vs. 19.4 mins, p<0.05) while the opposite occurred during 6-7 pm 
(16.8 mins vs. 18.1 mins, p<0.05) and 7-8 pm (15.2 mins vs. 18.0 mins, p<0.01).  
Significantly higher MVPA was found in children with a mother who was 
employed during 9-10 am (4.6 mins vs. 4.0 mins, p<0.05) and 10-11 am (4.9 mins 
vs. 4.1 mins, p<0.01) and in children with a mother at home during 7-8 pm (5.5 
mins vs. 4.4 mins, p<0.01).
Figure 4.1 Daily LPA and MVPA patterns in 19 month old children
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Figure 4.2 Boys’ and girls’ LPA and MVPA physical activity patterns
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Figure 4.3 LPA and MVPA patterns of children based on maternal employment status
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4.5 Discussion
This study was the first to examine the physical activity levels and patterns of 
toddlers using objective measures and to determine compliance with age-
appropriate physical activity guidelines. Most children (91%) met the current 
physical activity guidelines on an average day, however, less than half (42%) 
engaged in sufficient physical activity on all valid days of assessment.  This is 
consistent with studies of older children which have also reported that the 
proportion of children meeting the guidelines is higher when using the average 
day method rather than the everyday method (CSIRO 2007; Hinkley et al. 2012b).
While it is encouraging that many children in this sample were meeting the 
guidelines on an average day, it is concerning that less than half are meeting the 
guidelines every day, particularly because the current physical activity guidelines
(DoHA 2008) endorse engagement in 180 minutes of LMVPA daily.  This finding 
suggests that physical activity could be improved in this population and future 
interventions should highlight the importance of engagement in at least 3 hours of 
LMVPA on each day of the week. However, it must be acknowledged that 
physical activity data reliability is reduced when using single day measurements 
to determine physical activity levels compared to multiple day measurements 
(Penpraze et al. 2006). Regardless, ensuring that children are participating in 
sufficient amounts of physical activity in early childhood is important as physical 
activity levels decline into early childhood (Janz, Burns & Levy 2005). Thus, by 
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supporting children to start life with a higher base of physical activity, perhaps 
physical activity levels will remain higher in later years.
It is not surprising to see that those who met the guidelines spent more time being 
active; however, it is important to understand that those children who did not 
meet the guidelines spent less time in both LPA and MVPA. This suggests that 
promoting LPA and MVPA to children who do not meet physical activity 
guidelines is optimal since they engage in fewer minutes of activity in all 
intensities. Interestingly, when analysed for differences in demographic variables 
between those who met the physical activity guidelines and those who did not 
meet the guidelines, the only variable which was significant was the age when the 
child began walking (every day method only). While it is logical to assume that 
children who walked earlier would meet the guidelines because they had simply 
been walking longer than children who didn’t meet the guidelines, this was not 
the case as no differences in the time since the child began walking were observed 
between groups. This finding has implications for future research in this area as 
interventions may need to children who begin walking later to try to increase their 
physical activity levels in the early years. 
Overall, the majority of physical activity undertaken by toddlers in this study was 
of light intensity. As previous studies report that parents perceive their young 
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children to be highly active (Dwyer et al. 2008a; Hinkley et al. 2011), it is likely a 
perception of the time spent in LPA rather than in MVPA which confers this 
impression, given that children only spent, on average, 47 minutes in MVPA per 
day. Future research tracking physical activity through the preschool years and
into middle childhood is needed to identify how MVPA changes within this 
period. This could be used to help determine the level of MVPA needed in early 
childhood to increase the likelihood of children meeting the physical activity 
guidelines of at least 60 minutes of MVPA/day for school-aged children (6-12
years) once they reach six years of age. The promotion of physical activity prior 
to starting school may enhance the child’s “base” of MVPA, minimising 
decreases in high-intensity physical activity during the primary school years
(Janz, Burns & Levy 2005).
While there were no significant differences in total daily LPA or MVPA between 
boys and girls in this study, boys’ MVPA tended to be higher than girls’ (p<0.06).  
Previous reviews have shown that boys are more active than girls in the preschool 
(Hinkley et al. 2008) and primary school (Sallis, Prochaska & Taylor 2000) years, 
and it appears this phenomenon may be emerging as early as 19 months of age.  
Furthermore, when comparing the number of minutes spent in MVPA per day in 
this study to Bornstein and colleagues’ (2011) meta-analysis examining physical 
activity levels in preschool children, it appears that daily MVPA increases by 
about 5 minutes for boys between the ages of 19 months and 3-5 years, but 
 
 
116 
 
remains the same for girls.  While it is difficult to determine whether this 
phenomenon is biological, sociological, or both, this finding has important 
implications for future intervention strategies. MVPA may need to be promoted in 
girls from a very early age given that they are starting at a lower base of physical 
activity than boys. This would further suggest that intervention strategies may 
need to be different for boys and girls, but may need to be applied across the day
for both sexes. For example, given that parental physical activity appears to be 
more related to girls’ than boys physical activity (Hinkley et al. 2012d), the 
promotion of parental engagement in physical activity with their child may be 
particularly relevant for girls.
When looking at patterns of LPA and MVPA throughout the day, boys’ and girls’ 
activity displayed a remarkably similar pattern characterised by increasing 
activity in the morning which declines around midday, and then increases in the 
afternoon until about 4 pm.  Compared to other studies, this pattern of activity is 
unique as it typically occurs in reverse in primary school populations (at least on 
weekends when they are not limited by the school day), where activity levels 
increase up until midday (Ridgers et al. 2010) or mid-afternoon (Page et al. 2005)
and then decrease thereafter. 
One consistent finding when compared to previous physical activity pattern 
studies in primary school children (Riddoch et al. 2007; Ridgers et al. 2010) was 
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that boys were significantly more active than girls in the morning hours. Although 
these differences were small, it may suggest that sex differences emerge very 
early in life and continue into primary school. It is difficult to determine whether 
the periods of high activity for toddlers are those in which children tend to be 
most active naturally, if these are the periods that children have the most 
opportunity to be active, or both.  However, this pattern analysis does highlight 
times of the day when physical activity levels could potentially be increased, 
particularly for MVPA, since a maximum of only 5.5 mins was spent in MVPA in 
any given hour.  
Future research should investigate whether it is most advantageous to encourage 
physical activity during the periods when children are already the most active and 
may be more responsive to physical activity promotion efforts or during those 
times when decreased physical activity levels occur. Given that the dip in activity 
observed during midday likely reflects the period prior to and following a nap, it 
may be more efficacious to encourage physical activity during mid-morning and 
mid-afternoon when children and parents may be more receptive to intervention 
strategies. This may have important implications for public health programs 
delivered to parents. For example, when health promotion officers are working 
with parents, they can use the specific periods of the day as a starting point for 
how they might increase physical activity in their children. 
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This study also examined the daily physical activity patterns of children based on 
maternal employment status. Children with mothers who were currently
employed outside the home exhibited significantly higher LPA and MVPA levels 
mid-morning and mid-afternoon, while children whose mothers did not work 
outside the home exhibited the highest physical activity in the early evening.  
Thus, although different patterns of physical activity engagement were observed 
across the day, children engaged in similar levels of daily physical activity 
regardless of maternal employment status.  This suggests that physical activity 
patterns may differ according to environmental opportunities and that while 
different periods of the day do not contribute equally to daily physical activity 
engagement, similar levels are observed when considering overall daily physical 
activity. 
One possible explanation for this finding is that children have an innate set point 
for physical activity (termed the ‘activitystat’) suggesting that if physical activity 
engagement during one part of the day is low, physical activity engagement is 
increased in other parts of the day to maintain the innate set point (Ridgers et al. 
2014; Rowland 1998).  The present data suggest that compensation of physical 
activity across the day may be occurring, however, this hypothesis has not been 
investigated in children of such a young age and it has not been consistently 
supported when examined in research with older children (Baggett et al. 2010; 
Dale, Corbin & Dale 2000; Wilkin et al. 2006).  Alternatively, another 
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explanation for this finding could be that similar opportunities for physical 
activity are delivered to toddlers, however, depending on the work status of the 
mother, these opportunities may be delivered at different times throughout the 
day. Additional research is needed to examine these two hypotheses further.
4.6 Strengths and limitations
The strengths of this study are as follows. First, total daily and hourly physical 
activity was objectively assessed in toddlers across different intensities. This 
provides a benefit over traditional methods such as parental proxy-report and 
provides a detailed description of how young children accumulate different 
intensities of physical activity across the day. Second, a period wear time criterion 
was established for children to be included in the pattern analyses. This made the 
study more conservative as the potential for data to be captured during nap 
periods was minimized. Finally, the proportion of children meeting physical 
activity guidelines was examined in two ways: using the average day method and 
using the everyday method. The inclusion of the everyday method allows for a 
better understanding of children’s physical activity, particularly when guidelines
endorse 180 minutes of LMVPA on each day of the week.
Two limitations of this study must also be noted. First, the study population 
comprised of mainly (~60%) mothers who were university educated. Thus, the 
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behaviours of these individuals likely don’t reflect the behaviours of the entire 
population and therefore cannot be generalised. Second, the number of children 
included in each hour of the pattern analysis differed (although only slightly). 
This was unavoidable however due to differing wake-up and nap times of the 
children involved.
4.7 Conclusion
In summary, this chapter identified current physical activity levels and patterns in 
young children who are just beginning to establish physical activity behaviours.  
Most children met the current Australian physical activity guidelines for toddlers 
on an average day, however, this proportion dropped to less than half when 
examining children who met the guidelines every day.  As current physical 
activity guidelines endorse engagement in physical activity on every day of the 
week, promoting regular participation in physical activity, particularly MVPA, 
may be important for parents and caregivers in order to ensure that children have 
a high base of physical activity as they move into the preschool years.
Additionally, the daily physical activity level and pattern of toddlers was similar 
for boys and girls in this study, though boys did accumulate more LPA and 
MVPA during the morning hours.  Similarly, physical activity levels were 
comparable between children whose mothers were employed and those whose 
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mothers were not employed, but the pattern of activity accumulated across the day 
was different. This suggests that toddlers’ physical activity did change based on 
opportunities for physical activity, however, their overall physical activity level 
did not.
Given that over half of toddlers did not meet the physical activity guidelines on
every day that they were assessed, identifying potential influences on and 
characteristics of children with high and low levels of physical activity would be 
advantageous, as this would allow for the identification of children who are at risk 
of physical inactivity in the toddler years. This chapter identified one variable, the 
age when the child started walking, that was lower in children who had higher 
physical activity levels. Thus, this variable, as well as other potential predictors of 
physical activity in the early years, requires further investigation.
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Chapter 5: Early predictors of 
physical activity at 19 months 
of age
A manuscript based on this chapter has been published and is attached in 
Appendix 5.1.
Hnatiuk, J, Salmon, J, Campbell, K, Ridgers, N & Hesketh, K 2013, 'Early 
childhood predictors of toddlers' physical activity: longitudinal findings from the 
Melbourne InFANT Program', International Journal of Behavioral Nutrition and 
Physical Activity, vol. 10, no. 1, p. 123.
5.1 Introduction
The previous chapter of this thesis provided evidence that the proportion of young 
children meeting physical activity recommendations is not optimal (Hnatiuk et al. 
2012), suggesting that interventions to promote physical activity may be needed 
in this age group. Interventions are often informed by understanding influences on 
children’s physical activity behaviours and to date, there have been several 
influences on preschool children’s physical activity investigated quantitatively. 
These variables include parental modelling (Alderman, Benham-Deal & Jenkins 
2010; Cleland et al. 2011; Moore et al. 1991; Oliver, Schofield & Schluter 2010; 
Ruiz et al. 2011; Sallis et al. 1988; Spurrier et al. 2008), parental rules (Sallis et 
al. 1993), time spent outdoors (Baranowski et al. 1993; Klesges et al. 1990; Sallis 
et al. 1993; Tey et al. 2007) and yard space (Spurrier et al. 2008). However, this 
evidence base is limited to preschool children and a small number of potential 
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influences, is based on a small number of studies and has largely examined cross-
sectional influences only. Thus, it is not known what early childhood factors in 
the first year of life influence physical activity levels as toddlers.  
Understanding what factors in a child’s very early life might predict their level of 
physical activity once they become mobile (e.g. as they become toddlers) could 
assist in the development of early childhood interventions aiming to support 
optimal physical activity engagement. Additionally, given that the first year of life 
is a period of rapid growth and development (Haywood 2009), examining 
potential predictors of physical activity at different developmental stages during 
the first year of life is likely to be beneficial as associations between these 
variables and physical activity may differ during the first few months of life when 
children are not very mobile, compared with during childhood when they begin to 
develop more mobility. 
The social cognitive theory- family perspective, described in detail in Section 
2.7.3, is an appropriate model for understanding influences on young children’s 
physical activity within the home environment. As such, it will be used in this 
chapter to guide the identification of variables which may influence children’s 
physical activity as toddlers. The social-cognitive theory- family perspective
consists of five constructs (maternal cognitions, maternal behaviours, child 
cognitions, child behaviours and the home environment) which interact in a bi-
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directional manner to influence children’s physical activity. Of these five 
constructs, four (maternal cognitions [from here on termed maternal beliefs], 
maternal behaviours, child behaviours and the home environment) will be 
assessed in this chapter. Given the very young age of the children in this study it 
is not feasible to assess the fifth construct, child beliefs, nor is it likely that this 
construct would be targeted in an intervention study at this early stage of a child’s 
life.
5.2 Aims
The purpose of this chapter was to determine early childhood predictors of 
toddlers’ physical activity across the domains of maternal beliefs and behaviours, 
infant behaviours and the home environment. Data for this study were analysed 
during mid-2012.
5.3 Methods
5.3.1 Participants
Participants in this study were from the Melbourne InFANT program (See Section 
3.4.1).
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5.3.2 Procedures
Questionnaires assessing all predictor and demographic variables were completed 
by mothers participating at T1 and T2 (see section 3.6.1). Toddlers’ physical 
activity was assessed by ActiGraph accelerometers (Model GT1M, Pensacola, 
Florida, USA) for 7 consecutive days using a 15 second epoch length (section 
3.5.2). 
5.3.3 Measures
Participant demographics
The child’s sex and date of birth and were assessed at T1 through parent proxy-
report. Child age was calculated by subtracting the child’s date of birth from the 
date that the mother filled out the questionnaires and the time since the child had 
begun walking was calculated by subtracting the age when the child began 
walking from the child’s age when the mother filled out the questionnaire. As 
reported in Chapter 4, maternal education, assessed by self-report at baseline, was 
categorized as low (secondary school or less), medium (trade and certificate 
qualifications) and high (university degree or higher). At T3, mothers proxy 
reported the age when their child started walking.
Predictor variables
Maternal beliefs
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Maternal beliefs were assessed at T1 through 48 purpose-designed survey 
questions covering maternal beliefs, attitudes and intentions regarding their 
child’s physical activity and television viewing. Beliefs and attitudes towards 
television viewing were included because there is some evidence which suggests 
that television viewing time is associated with lower physical activity levels in 
young children (i.e., a proxy of inactivity) (Ross et al. 2013). Furthermore, given 
the current physical activity guidelines recommend engagement in LPA in 
addition to MVPA, it is possible that engagement in television viewing (higher 
sedentary time) could impact on the amount of LPA children engage in 
throughout the day. Given that this is one of the first studies of its kind, the 
investigators were more inclusive rather than exclusive and included beliefs 
around television viewing in the analyses. The questions included in the survey 
were developed by the chief investigators of the Melbourne InFANT Program and 
were based on previous qualitative (Hesketh & Campbell 2007) and quantitative 
(Campbell et al. 2010) research conducted in this population. The questions used 
to assess maternal beliefs were scored on a 4-point likert-type scale (0 = 
extremely confident, 1= very confident, 2= slightly confident, 3= not at all 
confident (for questions B9i-B9n) and 0= strongly agree, 1= agree, 2= disagree, 
3= strongly disagree (for all remaining questions)). All questions were reverse-
scored for this thesis so that a score of 0 reflected that the participant strongly 
disagreed (or was not at all confident). This was for ease of interpreting the 
findings, where a higher score reflected stronger agreement or confidence with 
the statement being made. All questions were tested in a separate sample (Section 
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3.5.1) with moderate to good test-retest reliability (% agreement = 0.56 – 0.86; 
weighted kappa = 0.41 – 0.66). Please see Appendices 3.1 and 3.2 for copies of 
the Melbourne InFANT Program survey.
An exploratory factor analysis with principal axis factoring5 was conducted on the 
48 survey items to determine a factor structure for maternal beliefs. A Kaiser-
Meyer-Olkin (KMO) and Bartlett’s test of sphericity were conducted which 
determined that the data were suitable for factor analysis (KMO= 0.84, Bartlett’s 
p<0.001). Direct oblimin rotation was chosen as the rotation method as there was 
no reason to assume that factors would not be related (Field 2009).
The resulting factor analysis graph is shown in Figure 5.1. Using the Kaiser cut-
off (extracting only those factors with an Eigenvalue greater than 1) (Kaiser 
1960), 12 factors resulted which explained 63% of the variance in physical 
activity levels. Using the Scree plot cut-off (Cattell 1966) (extracting factors up to 
the point of inflection), five factors resulted which explained 44% of the variance. 
Given the large sample size, either approach was appropriate (Field 2009),
however, the former was used based on the resulting output as the constructs 
underpinning the factors of the 12 factor solution were clearer and more specific 
5 While principal axis factoring was chosen as the most appropriate method to use to 
examine underlying factors in the data, a principal components analysis was also 
conducted and yielded very similar results (see Appendix 5.2) 
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than those comprising the five factor solution. Thus, if used in future studies as 
intervention strategies, these factors would be much easier to target than the five 
factor solution. Hence, only the 12 factor solution is further described below.
$Q\YDULDEOHVZKLFKGLGQRWORDGDWDQDFFHSWDEOHOHYHOZHUHGURSSHG
(Field 2009). This resulted in the removal of 11 of the original 48 variables due to 
low factor loadings. Additionally, Cronbach’s alpha was used to assess the 
internal reliability of the variables within each factor, and two factors were 
dropped due to unacceptable correlations between variables (r < 0.60) (Brown, 
Hume & ChinApaw 2009). In summary, a total of 33 variables comprising of 10 
factors remained for the main regression analyses. These factors were named (by 
consensus of the research team): physical activity optimism, current and future 
behaviour, modelling, safety, self-efficacy, beliefs on environment and motor 
development, health benefits and encouragement needs, educational value of 
television, practicality of television, and television use intentions. Table 5.1 
outlines the variables included in each factor, the factor loadings and internal 
reliability for the 10 factors extracted6.
6 A table highlighting the items included in the 5 factor solution is also provided in 
Appendix 5.3 (as it was also examined carefully by the candidate before making a 
decision) using the same factor loading and reliability criteria as explained above.
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Figure 5.1 Results from factor analysis of 48 maternal belief items
The factor structure identified at T1 was applied at T2, with all factors at T2 
having gooGLQWHUQDOUHOLDELOLW\7DEOH+RZHYHUDVWKH
questionnaire distributed at T2 was a shortened version of the questionnaire 
distributed at T1, not all maternal beliefs were assessed. Additionally, there was 
an intervention effect on the educational value of television at T2, and therefore it 
was subsequently dropped from analyses at that time point. All other variables 
showed no intervention effect. In total, five (physical activity optimism, 
modelling, self-efficacy, educational value of television, television use intentions) 
of the ten factors were measured at T2. Also, it is important to note that at T2, all 
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questions comprising ‘physical activity optimism’ and ‘TV use intentions’ were 
reworded to reflect current behaviour. For example, the question, “Overall, I think 
my baby will have plenty of opportunities to be active enough for healthy growth 
and development” at T1 was changed to “My baby has plenty of opportunities to 
be active enough for healthy growth and development” at T2.
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Table 5.1 Questions comprising maternal belief factors (T1 & T2)
Factor Question Factor 
Loading
Internal 
Reliability 
T1a
Internal 
Reliability 
T2a
Physical activity 
optimismb
Overall, I think my baby will 
have plenty of opportunities 
to be active enough for 
healthy growth and 
development
0.781 0.797 0.782
I think I will spend time 
each day playing active 
games with my baby
0.757
I think it will be easy for my 
baby to get plenty of active 
play time every day
0.756
I think my baby will spend 
lots of time on the floor 
every day
0.429
Current and 
future behaviour
Babies are more likely to 
enjoy sports and active play 
if they see their parents 
doing them
0.706 0.714 N/Ac
Having a TV in my baby’s 
bedroom will affect how 
much TV s/he watches in the 
future
0.543
Babies need help and 
encouragement to be active
0.523
Modelling I think that when s/he is 
older, my baby will watch 
similar amounts of TV to me
-0.671 0.600 0.669
I think that when s/he is 
older, my baby will have 
similar physical activity 
levels to my own
-0.563
Safety I am concerned that my baby 
might hurt him/herself if I 
leave him/her lying on the 
floor
0.699 0.647 N/Ac
I am concerned that my baby 
will get too tired and fret if I 
leave him/her lying on the 
floor
0.639
I think it’s safer for my baby 
to be kept in a 
highchair/bouncer/playpen 
0.450
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Factor Question Factor 
Loading
Internal 
Reliability 
T1a
Internal 
Reliability 
T2a
than on the floor
Self-efficacy How confident are you that 
you will be able to get your 
baby to do enough active 
play for health over the next 
year
0.856 0.841 0.855
How confident are you that 
you will be able to provide 
your baby with a range of 
active play options over the 
next year
0.839
How confident are you that 
you will be able to get your 
baby to do some active play 
(like walking, dancing, 
playing outside) when s/he 
wants to watch TV over the 
next year
0.749
How confident are you that 
you will be able to keep your 
baby entertained without 
using TV/video/DVDs over 
the next year
0.629
How confident are you that 
you will be able to say ‘no’ 
to my baby’s 
demands/fussing to watch 
TV/video/DVD over the 
next year
0.539
How confident are you that 
you will be able to play with 
my baby over the next year
0.442
Beliefs on 
environment and 
motor 
development
The time babies are in places 
that restrict movement 
should be limited
0.652 0.705 N/Ac
Babies and toddlers need a 
safe space where they can 
move freely and explore
0.556
Babies need to be physically 
active so that they can 
develop skills like crawling 
and walking
0.508
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Factor Question Factor 
Loading
Internal 
Reliability 
T1a
Internal 
Reliability 
T2a
Health benefits 
and 
encouragement 
needs
Parents need to encourage 
their babies and toddlers to 
be physically active
0.418 0.656 N/Ac
Physical activity is 
important for babies’ and 
toddlers’ health and 
development
0.413
Educational 
value of 
television
Babies and toddlers can 
learn from TV, videos and 
DVDs
0.869 0.869 N/Ac
TV is educational for babies 
and toddlers
0.851
Babies and toddlers should 
be allowed to watch TV
0.750
TV is helpful for a baby’s 
development
0.745
Practicality of 
television
I wouldn’t know how to 
keep my baby entertained if 
I didn’t use the TV
0.795 0.752 N/Ac
I don’t think I will be able to 
get anything done if I don’t 
use the TV to keep my baby 
entertained
0.616
I don’t think I will be able to 
get my baby to eat if I don’t 
have the TV on to distract 
him/her
0.470
Television use 
intentionsb
I think I will use TV to 
distract my baby when s/he 
is being difficult
0.564 0.770 0.826
I think I will use TV to keep 
my baby occupied so that I 
can get things done
0.547
TV is useful for keeping 
babies and toddlers 
occupiedd
0.408
aAssessed using Cronbach’s alpha
bAt T2, reworded to reflect current behaviour. For example, the question, “Overall, I think my baby will have 
plenty of opportunities to be active enough for healthy growth and development” at T1 was changed to “My 
baby has plenty of opportunities to be active enough for healthy growth and development” at T2.
cNot assessed at T2
dNot included in the factor “TV use intentions” at T2 as this question was not assessed at T2
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Maternal behaviours
Two maternal behaviours, time spent engaged in physical activity and time spent 
watching television per week, were assessed at T1 and T2 in this study. Maternal 
physical activity (mins/week) was assessed using the Active Australia Survey 
(Australian Institute of Health and Welfare 2003). The Active Australia Survey is 
a valid (Timperio et al. 2002) and reliable (Brown et al. 2004) tool to assess 
adults’ participation in physical activity and was used in the Australian National 
Physical Activity Survey in 1999 and 2000. The survey asks about the frequency 
and length of time spent in MPA, VPA and walking in the past week. As per the
protocol of the Active Australia survey, total physical activity was determined by 
summing the time spent walking (>10 minutes), time spent in MPA and twice the 
time spent in VPA in the past week weighted for weekdays and weekend days.
Twice the time spent in VPA was applied as engaging in vigorous-intensity 
physical activity confers greater health benefits (Australian Institute of Health and
Welfare 2003). To avoid errors in over-reporting, minutes spent in any given 
activity intensity were truncated at 840 minutes/week (14 hours). Additionally, if 
time spent in all activity intensities exceeded 1680 minutes/week (28 hours) it 
was truncated at 1680 minutes/week (Australian Institute of Health and Welfare 
2003).
Maternal television viewing time (mins/week) was assessed on weekdays and 
weekends using the following questions, “On a usual weekday (weekend day), 
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about how many hours do you usually spent sitting down and watching television 
or videos/DVDs?”, shown in previous studies to be valid and reliable (Salmon et 
al. 2003). Average television viewing time was determined by calculating a 
weighted average between the weekday (5/7ths) and weekend day responses. To 
avoid errors in over-reporting, total screen times reported were truncated at 1060 
minutes/day (18 hours) in this sample. 
Infant behaviours
Infant behaviours, measured at T1 and T2 by maternal proxy report, assessed the 
amount of time in the last week the infant spent in a variety of active play and 
social situations. The infant behaviours assessed in this thesis (by individual 
items) included: time spent playing games with an adult, time spent being 
physically active with mum, time spent on the child’s stomach (tummy time), 
time spent on the floor, time spent with other babies of a similar age, time spent 
with older toddlers or children and time spent outside. The time spent in the infant 
behaviours were measured in mins/week. Test-retest reliability (ICC) for these 
questions ranged from 0.33- 0.59 at T1 and 0.41 – 0.86 at T2.
Home environment
At T1 and T2, mothers were asked how likely they think it is that they will 
provide a variety of activity equipment (appropriate for young children, such as 
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balls, push-along toy, sand pit, etc.) in their home. All responses were made using 
a 4-point likert-type scale (0 = unlikely, 1 = possibly, 2 = very likely, 3 = 
extremely likely, reverse-coded as described above). At T1, responses were
dichotomised as ‘likely’ (score of 1) if at mother responded that she was 
‘extremely likely’ or ‘very likely’ to provide that piece of equipment in their 
home for their child and ‘unlikely’ (score of 0) if the mother responded ‘possibly’ 
or ‘unlikely’ to provide that piece of equipment in the home for the child. At T2, a 
similar approach was used to dichotomize the variables, however as mothers had 
an additional response option at T2 to indicate if they ‘already had’ the piece of 
equipment, this response was also considered as ‘likely’ to provide that piece of 
equipment for their child. A total score out of 12 was then calculated by summing 
the points for each equipment item.
At T1 only, mothers were asked, “How many TVs do you have in your home?” in 
order to determine a single-item that established TV prevalence in the home. Test-
retest reliability was good for the provision of activity equipment score (ICC = 
0.78 at T1 and ICC= 0.79 at T2) and for the single item number of TV’s in the 
home (ICC = 0.96).
5.3.4 Data analyses
Independent samples t-tests and one-way analyses of variance (ANOVAs) were 
conducted to determine differences in T1 and T2 predictor variables based on the 
child’s sex and maternal education. For those variables which differed between 
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groups based on initial one-way ANOVA analyses, Tukey’s post-hoc tests were 
conducted to determine where the between group differences occurred.
Linear regression analyses were conducted for all predictor variables assessed at 
T1 (4 months) and T2 (9 months) with child’s physical activity at 19 months (T3) 
as the outcome variable. Consistent with previous research (Oliver, Schofield & 
Schluter 2010; Pearce et al. 2012), any variable which had a p-YDOXHRILQ
initial Model A analyses was included in Models B and C analyses. All models 
included the following potential confounder variables: (1) intervention arm 
(although there were no differences in the outcome variable (physical activity) at 
post-intervention, this was undertaken as a precautionary measure); (2) clustering 
by mother’s group attended (as individuals clustered within the same unit or 
group are expected to be more alike than if randomly chosen (Goldstein 2003)); 
and (3) average accelerometer wear minutes/day (as physical activity level was 
positively associated with accelerometer wear time in our sample [r= 0.48]). 
Model C also controlled for maternal education, which is a known covariate of 
older children’s physical activity (Fogelholm et al. 1999; Gordon-Larsen, 
McMurray & Popkin 2000), and the age that the child began walking, as children 
who began walking earlier had higher physical activity levels than those who 
EHJDQZDONLQJODWHULQWKLVVDPSOHȕ -4.30 mins/day, 95% CI [-6.69, -1.90]). 
Variance Inflation Factors in the regression models were all <10 indicating that 
multicollinearity was not a concern (Kutner 2005).
 
138 
 
5.4 Results
5.4.1 Participant characteristics
A total of 218 children had valid questionnaire data at T1 and T2 and valid 
accelerometry data at T3. The participant characteristics relevant to this chapter 
are included in Table 5.2. 
Table 5.2 Participant characteristics
Participant Characteristic N= 218
Male child (%) 52.6
Child age (months): mean (SD)
T1 3.5 (1.0)
T2 8.8 (1.0)
T3 18.8 (2.1)
Age child began walking (months): mean (SD) 13.0 (1.8)
Time since child began walking (months): mean 
(SD)
5.8 (2.7)
Total LMVPA (mins/day): mean (SD) 233.6 (40.6)
Maternal educationa (%)
Low 15.8
Medium 26.1
High 58.1
aLow = secondary school or less; Medium= trade or certificate qualifications; High= 
university degree or higher.
At T1 and T2, there were significant differences in four factors and three 
individual items based on the child’s sex and the mother’s education level. At T1, 
mothers of girls were more likely to believe that children’s current behaviours 
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would impact their future behaviours than were mothers of boys (2.51 ± 0.45 vs. 
2.38 ± 0.51, p<0.05). Additionally, mothers with high levels of education were 
more likely to believe in the importance of modelling behaviours (1.79 ± 0.49 vs. 
1.60 ± 0.53, p<0.05) than were parents with medium levels of education, but were 
planning to provide less physical activity equipment in the home (6.04 ± 2.15 vs. 
7.05 ± 2.34, p<0.05) and had fewer televisions in the home (1.69 ± 0.84 vs. 2.21 ± 
1.0, p<0.01). Mothers with low levels of education were more concerned about 
safety (1.06 ± 0.60 vs. 0.77 ± 0.47, p<0.05) and watched more television (290.54 
± 167.87 mins/week vs. 199.50 ± 120.0 mins/week, p<0.01) compared with 
mothers with high levels of education. No differences by sex of the child or 
maternal education were observed for all remaining factors and items at T1.
At T2, mothers of girls reported that their child spent more time outdoors than 
mothers of boys (41.87 ± 62.57 mins/day vs. 25.50 ± 41.40 mins/day, p<0.05). 
Mothers with high levels of education were more likely to believe in the 
importance of modelling than were mothers with low and medium levels of 
education (1.92 ± 0.51 vs. 1.58 ± 0.61, p<0.05). In addition, highly-educated 
mothers reported that they spent more time being physically active than did 
mothers with medium levels of education (543.17 ± 384.94 mins/week vs. 402.34 
± 343.56 mins/week, p<0.05), and watched less television than mothers with low 
levels of education (149.55 ± 118.58 mins/week vs. 226.92 ± 177.54 mins/week, 
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p<0.01). No differences by sex of the child or maternal education were observed 
for all remaining factors and items at T2.
5.4.2 Early predictors of toddlers’ physical activity
Table 5.3 presents the results of the linear regression models conducted for the 21 
predictor variables (items and factors) at T1. One maternal belief factor 
(educational value of television) and one infant behaviour item (time spent with 
other babies of a similar age) had p-values of <0.10 in Model A analyses and 
were included in Model B and C analyses. In both Models B and C, only time 
spent with other babies of a similar age was positively associated with toddlers’ 
physical activity. In Model B, 24% of the variance was accounted for by the 
included variables (23% from covariates). In Model C, 28% of the variance was 
accounted for by the included variables (26% from covariates).
Table 5.4 presents the results of the linear regression models using the 14 
predictor variables at T2. From Model A results, one maternal belief factor 
(physical activity optimism) and two infant behavioural items (time spent being 
physically active with mum and time spent with other babies of a similar age) had 
p-values of <0.10 and were included in Models B and C. In Model B, only the 
time spent with other babies of a similar age was negatively associated with 
toddlers’ PA. However, this relationship did not remain significant after 
controlling for age when the child began walking and maternal education in 
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Model C.  In Model B, 27% of the variance was accounted for by the included 
variables (23% from covariates). In Model C, 29% of the variance was accounted 
for by the included variables (26% from covariates).
 
142 
 
Table 5.3 Early childhood predictors (4 months of age) of toddlers’ physical activity at 19 months of age
Variable Model Aa
ȕ&,
Model Bb
ȕ&,
Model Cc
ȕ&,
Maternal beliefs
Physical activity optimism -3.28 (-17.37, 10.82)
Current behaviour and future 
behaviour
2.38 (-9.52, 14.28)
Modelling 3.81 (-5.44, 13.08)
Safety -4.05 (-13.49, 5.40)
Self-efficacy 0.79 (-9.19, 10.77)
Beliefs on environment and motor 
development
-0.10 (-14.43, 14.23)
Health benefits and 
encouragement needs
-1.26 (-14.03, 11.52)
Educational value of television 8.64 (-1.57, 18.85) 8.57 (-1.72, 18.86) 8.63 (-0.35, 17.60)
Practicality of television 5.85 (-4.14, 15.83)
 
143 
 
Variable Model Aa
ȕ&,
Model Bb
ȕ&,
Model Cc
ȕ&,
Television use intentions 2.77 (-6.09, 11.63)
Maternal behaviours
Maternal physical activity 
(mins/week)
0.00 (-0.01, 0.02)
Maternal screen time (mins/week) -0.01 (-0.04, 0.01)
Infant behaviours
Time spent playing games with 
adult (mins/week)
-0.00 (-0.07, 0.06)
Time spent being physically 
active with mum (mins/week)
0.00 (-0.07, 0.07)
Time spent having tummy time 
(mins/week)
-0.01 (-0.12, 0.10)
Time spent on the floor 
(mins/week)
0.02 (-0.04, 0.08)
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Variable Model Aa
ȕ&,
Model Bb
ȕ&,
Model Cc
ȕ&,
Time spent with other babies of a 
similar age (mins/week)
0.04 (0.01, 0.07) 0.04 (0.01, 0.07) 0.05 (0.01, 0.08)
Time spent with older toddlers or 
children (mins/week)
-0.01 (-0.09, 0.08)
Time spent outside (mins/week) 0.01 (-0.09, 0.11)
Home environment
Physical activity equipment in 
home (# items)
-0.55 (-2.75, 1.64)
TVs in home (# TVs) -0.33 (-4.94, 4.27)
Bolded text = significant at p<0.05
aAdjusted for accelerometer wear time, intervention group and clustering by mother’s group attended
bAdjusted for accelerometer wear time, intervention group, clustering by mother’s group attended, and all variables associated in Model A (p-
YDOXHRI
cAdjusted for accelerometer wear time, intervention group, clustering by mother’s group attended, all variables associated with physical activity
in Model A (p-YDOXHRIDQGPDWHUQDOHGXFDWLRQDQGDJHZKen the child began walking
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Table 5.4 Early childhood predictors (9 months of age) of toddlers’ physical activity at 19 months of age
Variable Model Aa
ȕ&,
Model Bb
ȕ&,
Model Cc
ȕ&,
Maternal beliefs
Physical activity optimism 12.73 (-0.28, 25.75) 11.53 (-1.53, 24.6) 10.54 (-1.97, 23.06)
Modelling 5.33 (-3.53, 14.20)
Self-efficacy 4.64 (-5.60, 14.89)
Educational value of television 1.31 (-7.40, 10.02)
Television use intentions -4.76 (-12.16, 2.65)
Maternal behaviours
Maternal physical activity 
(mins/week)
0.01 (-0.01, 0.02)
Maternal screen time (mins/week) -0.00 (-0.04, 0.04)
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Variable Model Aa
ȕ&,
Model Bb
ȕ&,
Model Cc
ȕ&,
Infant behaviours
Time spent playing games with 
adult (mins/week)
0.04 (-0.04, 0.12)
Time spent being physically 
active with mum (mins/week)
0.56 (-0.01, 0.12) 0.04 (-0.02, 0.11) 0.03 (-0.03, 0.09)
Time spent having tummy time 
(mins/week)
-0.02 (-0.06, 0.01)
Time spent on the floor 
(mins/week)
0.02 (-0.01, 0.07)
Time spent with other babies of a 
similar age (mins/week)
-0.04 (-0.08, -0.01) -0.04 (-0.08, -0.01) -0.03 (-0.07, 0.01)
Time spent with older toddlers or 
children (mins/week)
-0.01 (-0.10, 0.80)
Time spent outside (mins/week) 0.03 (-0.07, 0.13)
Home environment
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Variable Model Aa
ȕ&,
Model Bb
ȕ&,
Model Cc
ȕ&,
Physical activity equipment in 
home (# items)
-0.16 (-4.12, 3.89)
Bolded text = significant at p<0.05
aAdjusted for accelerometer wear time, intervention group and clustering by mother’s group attended
bAdjusted for accelerometer wear time, intervention group, clustering by mother’s group attended, and all variables associated in Model A (p-
YDOXHRI
cAdjusted for accelerometer wear time, intervention group, clustering by mother’s group attended, all variables associated with physical activity
in Model A (p-YDOXHRIDQGPDWHUQDOHGXFDWLRQDnd age when the child began walking
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5.5 Discussion
This chapter examined early childhood predictors of toddlers’ physical activity 
across the domains of maternal beliefs and behaviours, infant behaviours and the 
home environment. Given the period of rapid development that occurs in the first 
year of life, potential predictors were examined at two different time points; prior 
to the child becoming mobile (4 months of age) and around the time the child 
would begin to gain much more mobility (9 months of age).
The results from the linear regression analyses indicated that after adjusting for 
confounding variables, the time spent with other babies of the same age when the 
child was aged 4 months significantly predicted children’s objectively assessed 
physical activity at 19 months of age.  This finding highlights the potential 
importance of social interaction with peers from a young age for children’s 
physical activity levels, but its applicability for future intervention strategies must 
be interpreted cautiously. As the same variable assessed again at 9 months of age 
was not associated with toddlers’ physical activity, it is possible that the time 
spent with other babies of a similar age at 4 months instead served as a proxy for 
some other construct that was not measured in the study; for example, maternal 
sociability. Additionally, it must be acknowledged that the effect size of the 
association was small and multiple statistical tests were performed, and therefore 
it is possible that this finding was due to chance. Consequently, the influence of 
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the time spent with other babies at 4 months of age requires further investigation 
before any firm conclusions can be made. 
A similar variable, time spent with older children was also assessed in this study. 
Some previous research in school-aged children has suggested that children with 
an older sibling are more active than children without an older sibling (Bagley, 
Salmon & Crawford 2006), however, a relationship between the time spent with 
older children at 4 months of age and physical activity at 19 months of age was 
not observed in this study. One possible explanation for this finding is that the 
children in this study were first born, and upon further investigation of the data,
many of them did not spend any time with older toddlers or children. Having such 
a high percentage of children who spent no time with older toddlers or children 
may have reduced the discriminant ability of this variable, making it difficult to 
determine its influence on physical activity. Alternatively, it could also be 
possible that at this young age and the child’s current developmental stage, there 
is less of an influence from older children compared to when the children get 
older, or that the influence of older siblings may be different from the influence of 
other older children.
Although included as a covariate, this study also found that the age when the child 
began walking was related to their physical activity levels as toddlers. This 
information is important, as it may serve as a way to identify children at risk of 
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low levels of physical activity and who may benefit from additional early support 
strategies to engage in sufficient physical activity. To put the effect size into 
context, there would be a difference of approximately 40 minutes of LMVPA per 
day at 19 months in favour of early walkers (8 months), compared to those who 
began walking at the uppermost (18 months) limit of the age range of typical 
motor development for healthy children (WHO Multicentre Growth Reference 
Study Group 2006). Forty minutes of physical activity constitutes approximately 
22% of the physical activity recommended by international physical activity 
guidelines (DoHA 2008; CSEP 2012; DoH 2011) for children under age five and 
could be the difference between children meeting or not meeting physical activity 
guidelines.
This notion is supported by earlier analyses presented in Chapter 4 indicating that 
children who didn’t meet physical activity guidelines everyday began walking 
later than their peers who did meet physical activity guidelines (section 4.4.2). 
The only other study conducted in this area found that certain motor milestones 
such as age at standing unaided and age at walking supported were positively 
associated with a modest increase in self-reported sport participation (number of 
sports reported and frequency of sports participation) and physical education 
grade (based on skills, attitude and actions during physical education classes) at 
age 14 years (Ridgway et al. 2009). The authors of that study support the notion 
that developing strategies to increase and support physical activity in children 
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who are at risk, from an early age, is advantageous, particularly given that low 
levels of physical activity can track into childhood (Janz, Burns & Levy 2005).
It is reasonable to assume that, given our young cohort, the relationship between 
children’s age at walking and physical activity level may be explained by the 
length of time that the children had been walking. In other words those with 
higher levels of physical activity had simply been walking longer and were 
therefore more adept at upright movement and able to move more than those who 
had more recently mastered the skill.  However, when the time since walking was 
examined as a potential predictor of physical activity, no association was 
observed (results not shown). This finding suggests that it is infant motor 
development, rather than practice, which influences later physical activity. 
Although strategies to promote physical activity in early and late walkers would 
likely be similar (e.g. promotion of greater time outdoors and greater frequency of 
time outdoors), it is possible that those children walking later might be a target for 
intervention programs. Future research is warranted to investigate how motor 
development is related to future physical activity levels in children. In particular, 
investigation into whether late walkers ‘catch up’ to their early walker 
counterparts. In other words, perhaps this association is only apparent in children 
around when they begin walking. It is possible that this association may no longer 
be observed once children are older, in which case, controlling for this variable 
 
152 
 
would be important for research conducted on toddlers, but may not necessarily
be relevant for public health initiatives.
Despite assessing a range of variables covering the key aspects of the social-
cognitive theory- family perspective (Taylor, Baranowski & Sallis 1994), most of 
the variables examined when the children were 4 and 9 months of age were not 
associated with physical activity at 19 months of age, suggesting that it is very 
challenging to identify key early life predictors of physical activity. It could be 
hypothesized that physical activity in very young children is largely biologically 
determined, with external influences having a smaller effect on physical activity 
compared to older children, at least in the short-term. The finding that the age at 
walking was significantly associated with objectively assessed physical activity at 
19 months lends credence to this hypothesis. However, given that this was the 
first study of its kind, and few studies have reported physical activity levels of 
children under two years of age, more research is required to better understand 
young children’s physical activity behaviour and to identify other potential 
predictors of physical activity that were not included in this study. 
No published studies have examined the influence of maternal beliefs, infant 
behaviours or home equipment using quantitative methodology on preschool 
children’s physical activity, precluding comparisons to older children in these 
domains. However, a recent study examining mothers’ self-reported physical 
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activity and toddlers’ self-reported outdoor play suggests that the two are 
positively associated (Xu & Wen 2012). Furthermore, previous cross-sectional 
research on preschool children has suggested a positive relationship exists 
between parental physical activity and preschool children’s self-reported and 
objectively assessed physical activity (Alderman, Benham-Deal & Jenkins 2010; 
Oliver, Schofield & Schluter 2010; Ruiz et al. 2011; Spurrier et al. 2008).
However, maternal physical activity was not found to predict toddlers’ physical 
activity in this study. Further research is required to better understand the 
relationship between maternal and child physical activity levels by assessing both 
the mother’s and child’s physical activity with accelerometry. This would provide 
objective evidence for whether maternal physical activity is associated with 
toddlers’ physical activity. If no relationship between maternal and child physical 
activity exists at this young age, identifying when maternal physical activity may 
become influential on children’s physical activity would be useful. 
At child aged 4 months and 9 months old, predictor variables included in this 
study were examined for differences based on sex of the child and maternal 
education. Only two variables, current and future behaviour at 4 months and time 
spent outdoors at 9 months, differed by sex of the child. Both of these are difficult 
to explain based on the findings from this study and other evidence currently 
available in the literature. It is interesting however, that parents of girls reported 
that their child spent more time outdoors than did mothers of boys. Time spent 
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outdoors in older children of preschool age has been associated with higher 
physical activity levels, as has being male (Hinkley et al. 2008). So perhaps if 
these behaviours exhibited at 9 months carried into toddlerhood, this could 
partially explain why there was no difference in total physical activity between 
boys and girls at 19 months. 
At child aged 4 months and 9 months old beliefs in the importance of maternal 
modelling was higher among parents with high education levels compared to 
mothers with medium (4 months and 9 months) and low (9 months) levels of 
education. Previous qualitative work, conducted in a variety of socio-economic 
areas, on influences of preschool children’s physical activity has suggested that 
parents recognise the importance of modelling on young children’s physical 
activity (Dwyer et al. 2008a; Hinkley et al. 2011). However in those studies, area-
level socio-economic status was used to indicate socio-economic position which 
may not be comparable to individual level socio-economic status applied in this 
study. Additionally, the fact that mothers from low socio-economic areas in the 
studies by Dwyer and colleagues (2008a) and Hinkley and colleagues (2011)
agreed to participate in qualitative interviews suggests that they may have been 
interested in physical activity, which could translate to stronger beliefs in the 
importance of modelling compared to the general population considered to be of 
low socio-economic status. It is possible that this belief in the importance of 
modelling may have also influenced mothers own behaviours in this sample, as 
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mothers with high levels of education reported spending more time being 
physically active than mothers with medium education, and less time watching 
television than mothers with low education, respectively.
Finally, consideration should be given to the timing of the assessment periods 
from which the data were drawn. As discussed previously, the Melbourne 
InFANT Program was originally designed as a cluster-randomized controlled trial 
(Campbell et al. 2008) and data for this project was secondary data analysis. 
Thus, the questions that were included as predictor variables were those that were 
deemed important for intervention outcomes, but perhaps may not have covered 
the breadth of correlates that a study with this as the primary aim would have.
Additionally, the assessment periods (4 months and 9 months for predictor 
variables and 19 months for accelerometry data) coincided with the data 
collection periods that were relevant to the intervention. However, these may have 
not necessarily been the most suitable time for assessment of correlates. 
Developmental stages in the first years of life vary considerably (WHO 
Multicentre Growth Reference Study Group 2006) and perhaps by aligning 
multiple assessment points to children’s developmental stage (e.g. when first 
began crawling, walking, etc.) different results may have been observed. 
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5.6 Strengths and limitations
There were a number of strengths associated with this study. In addition to 
utilising an objective measure of physical activity (as described in section 4.6), 
this study included numerous potential predictors of physical activity, based on 
previous qualitative and quantitative research, across the domains of the social-
cognitive theory- family perspective model, showing a systematic and 
comprehensive approach. Lastly, this study utilised a longitudinal design, 
enabling prospective analyses to be undertaken to predict physical activity, rather 
than examine cross-sectional associations.
A number of limitations must be noted. While this study included an extensive 
array of predictors, many were focused on maternal beliefs and attitudes towards 
their child’s physical activity with fewer variables assessing maternal behaviour 
and the home environment. Perhaps including a stronger focus on these constructs 
at child aged 4 months and 9 months could better predict toddlers’ physical 
activity. Second, due to the shortened survey at T2, not all variables thought to 
potentially influence physical activity were assessed. Thus, perhaps some of these 
variables not assessed at 9 months may have predicted toddlers’ physical activity 
at 19 months had the data been available. Third, some of the variables included in 
the analyses comprised of only two questions, limiting their comprehensiveness.
Lastly, as mentioned previously, this sample of mothers was highly educated, 
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whereby almost 60% of mothers had a university degree or higher. Therefore, the 
ability to generalise these findings to the wider population is limited.
5.7 Conclusion
This chapter examined early predictors of toddlers’ physical activity across the 
domains of maternal beliefs and behaviours, infant behaviours and aspects of the 
home environment. It was found that the time spent with other babies of a similar 
age at 4 months of age was positively (albeit not strongly) associated with 
physical activity levels at 19 months of age, suggesting this may be a potential 
strategy for health promotion programs for parents and caregivers to increase 
physical activity in young children. However, these finding should be interpreted 
with caution. More research examining a broader variety of potential predictors is 
needed to understand their association with physical activity and determine their 
ability to predict physical activity in later life stages (e.g. preschool and primary 
school years). In addition, as there was only one variable that significantly 
predicted toddlers’ physical activity despite extensive efforts to include factors 
likely to influence physical activity, it is clear that identifying early predictors of 
toddler’s physical activity is very challenging. 
Given that many maternal belief factors assessed in this chapter at child aged 4 
months and child aged 9 months did not predict physical activity levels of 
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toddlers, it could be hypothesised that one of the reasons for this is due to changes 
in mothers’ initial beliefs around physical activity that may occur between when 
the child is an infant and when he/she becomes a toddler. Therefore, children’s 
current physical activity could be more directly influenced by mothers’ current 
beliefs around physical activity rather than the beliefs she held when the child was 
4 or 9 months old. As such, an examination of changes in maternal beliefs around 
their child’s physical activity is presented in Chapter 6.
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Chapter 6: Tracking of 
maternal beliefs and 
associations with children’s 
physical activity levels
A manuscript based on this chapter has been prepared for publication and is 
currently under review. A copy of this manuscript is attached in Appendix 6.1.
6.1 Introduction
In the previous chapter it was found that, despite assessing a wide range of 
factors, few maternal beliefs, examined when children were aged 4 months or 9 
months old, predicted children’s physical activity at 19 months old. Given that 
infancy is a period of rapid growth and development (Haywood 2009), it could be 
hypothesised that perhaps one of the reasons that few associations were observed 
was because mothers’ beliefs around promoting child’s physical activity and 
limiting television viewing changed substantially from the time when their child 
was an infant (pre-mobile) to when he or she became a toddler (mobile). In other 
words, for some parents, an assessment of their beliefs when their child was 4 or 9 
months of age was not indicative of their beliefs when their child was 19 months 
old. 
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There is some evidence that suggests maternal beliefs may change over the early 
childhood period. Previous qualitative (Hesketh, Hinkley & Campbell 2012a) and 
quantitative (Campbell et al. 2010) research conducted in two separate cohorts of 
parents (predominantly mothers) identified that physical activity and television 
viewing beliefs of parents of young children (<2 years) were different from those 
of parents of preschool aged children (3-5 years). More specifically, parents of the 
younger children had higher self-efficacy for limiting TV viewing (Campbell et 
al. 2010) and were more optimistic about influencing their child’s physical 
activity and screen time than the mothers of the older children (Hesketh, Hinkley 
& Campbell 2012a). Maintaining high self-efficacy for promoting physical 
activity and limiting television viewing (which may displace other physical 
activity) is important. High self-efficacy has been positively associated with 
preschool and primary school children’s physical activity levels and inversely 
associated with their television time (Campbell et al. 2010; Carson & Janssen 
2012; Smith et al. 2010). By identifying how maternal beliefs track (i.e., how 
mothers’ beliefs rank compared to their peers) through the first months of a 
child’s life it may be possible to provide support during critical times to help 
mothers to encourage physical activity in their children.
Additionally, identifying demographic and behavioural factors associated with 
strong or weak tracking of maternal beliefs around children’s physical activity 
may help to inform the development of effective intervention strategies to 
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promote physical activity from a young age and target particular groups at risk 
within this population. For example, mothers who possess strong, favourable 
beliefs, and maintain these over time, may provide insight into successful 
strategies for other parents. Alternatively, mothers who are identified as likely to 
have less favourable beliefs or have beliefs which become less favourable over 
time may need to be provided with greater support. Previous research has found 
that both maternal and child demographic characteristics (e.g. maternal education, 
child age) and maternal and child behaviours (e.g. mothers’ own physical activity 
and television viewing time and child temperament) are associated with children’s 
health behaviours (Duch et al. 2013; Hoyos Cillero & Jago 2010; Oliver, 
Schofield & Schluter 2010; Thompson, Adair & Bentley 2013; Xu & Wen 2012).
It is not known however, whether these factors also explain changes in mothers’ 
beliefs around physical activity and television viewing in the early childhood 
period.
6.2 Aims
The three aims of this chapter are as follows: 1) to examine the tracking of 
maternal beliefs towards young children’s physical activity and television 
viewing; 2) to identify demographic and behavioural correlates of change in 
beliefs between T1 and T3; and 3) to examine associations between change in 
maternal beliefs over 15 months and children’s physical activity levels at 19 
months. Data for this study were analysed in early 2013.
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6.3 Methods
6.3.1 Participants
The participants for this study were drawn from the Melbourne InFANT Program 
(see section 3.4.1). To address aims 1 and 2, all participants who had complete 
questionnaire data at child aged 4-months (T1) and child aged 19-months (T3) 
were included. To address aim 3, a smaller sample comprising only those with 
valid questionnaire data at T1 and T3 and valid accelerometer data at T3 were 
included. Similar to Chapter 5, no intervention effects were observed for any of 
the variables examined except for the perceived educational value of television.
Therefore this variable was excluded from analyses and participants from both 
intervention and control groups were combined. 
6.3.2 Measures
The demographic characteristics assessed relevant to this study were: maternal 
education, sex of the child, maternal age, child age, child temperament and
maternal employment status. All variables were assessed at T1 and T3 except 
maternal education. As described in section 5.3.3, maternal education was 
categorised as low (less than secondary school), middle (trade/certificate 
qualification) or high (university degree). Maternal employment status was 
categorised as full-time work outside the home, part-time work outside the home, 
full time home duties or other (student, unemployed, retired, other). Child 
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temperament was assessed using a 5-item measure developed and utilised by the 
Australian Temperament Project (Australian Institute of Family Studies 2013).
This question asked mothers to rate on a 5-point likert-type scale based on the
difficulty of the child relative to other children (much easier than average = 0; 
much more difficult than average = 4). 
In section 5.3.3, nine maternal beliefs were identified (physical activity optimism, 
current and future behaviour, modelling, safety, self-efficacy, beliefs regarding 
environment and motor development, health benefits and encouragement needs, 
practicality of television, and television use intentions). Four of these nine 
maternal beliefs were examined in this chapter. Two of the original nine variables 
(physical activity optimism and television use intentions) were excluded because 
the wording of the questions comprising these variables changed slightly from T1 
to T3 due to changes in behaviours based on child development. Consequently, a
true examination of tracking was not possible for these variables. Additionally, 
mothers’ beliefs concerning safety were omitted as this factor was only assessed 
with one question at T3 (due to the change in relevance of the questions from T1 
to T3) and an overall score based on multiple questions could not be generated. 
Finally, maternal beliefs regarding the environment, motor development, health 
benefits and encouragement needs were excluded as variability of the data were 
so limited only two groups could be created and it was unlikely that any 
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meaningful conclusions could be drawn. Therefore, the tracking of four variables 
was examined: maternal beliefs regarding modelling, current and future 
behaviour, practicality of television and maternal self-efficacy for promoting 
physical activity and limiting television viewing. For the purpose of these
analyses the practicality of television variable was reverse-scored at T1 and T3 so 
that a higher score reflected a more positive or favourable maternal belief. 
Children’s LMVPA was assessed using ActiGraph GT1M accelerometers.  Please 
refer to Chapters 3 and 4 for specific details regarding accelerometry data 
collection and processing. 
6.3.3 Data reduction
At T1 and T3 mothers’ beliefs were categorised into tertiles (highest, middle, 
lowest scores for each belief) separately. To assess the direction of change for 
each belief between T1 and T3 a categorical variable was created using the same 
approach as other tracking studies in the literature (Cleland et al. 2009; Yang et 
al. 2006). This variable consisted of four categories: (1) Persistently favourable 
beliefs or high self-efficacy (top tertile at T1 and T2 or middle tertile at T1 and 
T2), (2) persistently unfavourable beliefs or low self-efficacy (bottom tertile at T1 
and T2), (3) increasingly favourable beliefs or increasing self-efficacy (bottom 
tertile at T1 to middle/ top tertile at T2 or middle tertile at T1 to top tertile at T2) 
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and (4) decreasingly favourable beliefs or decreasing self-efficacy (top tertile at 
T1 to middle or bottom tertile at T2 or middle tertile at T1 to bottom tertile at T2). 
6.3.4 Data analyses
Although no intervention effects from the Melbourne InFANT Program were
observed on any of the variables included in the analyses, all data were adjusted 
for intervention group and clustering by mothers group attended, consistent with 
Chapter 5. To address Aim 1, tracking of each of the four maternal beliefs was 
assessed using weighted kappa and logistic regression analyses. To address Aim 
2, the odds of being in any particular category of movement (persistently high, 
persistently low, increasing, or decreasing) according to maternal and child 
demographic and behavioural characteristics at T1 were assessed using 
multinomial logistic regression. To address Aim 3, the association between the 
categories of change and children’s LMVPA was assessed using linear regression. 
In Model A, data were also adjusted for accelerometer wear time. If a significant 
association was observed in Model A, the data were then adjusted for maternal 
education and the age the child began walking (Model B). All analyses were 
conducted in Stata 12.0.
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6.4 Results
6.4.1 Participants
A total of 401 mothers had complete questionnaire data at T1 and T3 and were 
included in the analyses to meet Aims 1 and 2. Demographic and behavioural 
characteristics of participants relevant to this chapter are presented in Table 6.1. 
Mean scores of the four maternal belief variables assessed and differences by time 
point are outlined in Table 6.2. Only families with complete questionnaire data at 
T1 and T3 and child physical activity data at T3 (n= 265) were included in the 
analyses to meet Aim 3. 
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Table 6.1 Demographic characteristics of participants (n = 401) 
Child characteristics T1 T3
Male (%) 53.4 53.4%
Mean (SD) age (months) 3.7 (1.2) 19.4 (2.4)
Child temperament (%)a
Much easier than average 15.2 8.5
Easier than average 40.6 36.9
Average 36.4 47.9
More/much more difficult than average 7.7 5.7
Mother characteristics
Mean age (years) 32.4 (4.2) 33.2 (4.2)
Maternal employment status (%)
Maternity leave/home duties 83.8% 34.2%
Full time employment 1.2% 10.5%
Part-time employment 7.0% 50.6%
Other 8.0% 4.7%
Maternal education (%)b
/RZVHFRQGDU\VFKRRO 19.5% -
Medium (trade or certificate qualification) 24.7% -
High (university degree +) 55.9% -
3K\VLFDODFWLYLW\PLQVZHHN 83.8% 74.1%
Television viewing WLPHKRXUVZHHN 8.5% 5.0%
aMay not equal 100% due to rounding
bNot assessed at T3 
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Table 6.2 Mean scores for maternal beliefs at T1 and T3 (n = 401) 
Variable
T1
(child 4 months old)
T3 
(child 19 months old)
Current & future behaviour: mean 
(SD)a 2.45 (0.49) 2.42 (0.50)
Modelling: mean (SD)a 1.67 (0.54) 1.77 (0.62)b
Self-efficacy: mean (SD)a 2.23 (0.51) 2.36 (0.51) b
Practicality of TV: mean (SD)a 2.48 (0.46) 2.56 (0.52) b
apossible score range = 0-3, where higher values represent more favourable beliefs
bindicates significant difference between time points at p<0.05
6.4.2 Tracking of maternal beliefs 
Table 6.3 displays the weighted kappa coefficients for each of the maternal beliefs 
assessed. Overall, tracking was low to moderate, ranging from 0.20 to 0.35. 
Compared with mothers in the middle tertile at T1 and T3, mothers who were in 
the top or bottom tertile at T1 were more likely to be in that same tertile at T3.
This finding was consistent for all maternal beliefs assessed except practicality of 
television where no increased odds were observed (Table 6.4).
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Table 6.3 Weighted kappa of maternal beliefs between T1 and T3 (n= 401)
Variable Weighted kappa
Current & future behavioura 0.34
Modellinga 0.35
Self-efficacya 0.34
Practicality of televisiona 0.20
asignificant at p<0.01
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Table 6.4 Odds of remaining in the top or bottom tertile for each maternal 
belief from child aged 4-months (T1) to child aged 19-months (T3) 
(n = 401)a,b
Maternal belief Predictor (T1) Outcome (T3) Odds ratio (95% CI)
Current & future 
behaviour
Lowest tertile T1 Lowest tertile T3 3.34 (1.85, 6.02)
Middle tertile T1 Middle tertile T3 Ref.
Highest tertile T1 Highest tertile T3 2.92 (1.60, 5.33)
Modelling
Lowest tertile T1 Lowest tertile T3 4.31 (2.53, 7.35)
Middle tertile T1 Middle tertile T3 Ref.
Highest tertile T1 Highest tertile T3 4.51 (1.73, 11.74)
Self-efficacy
Lowest tertile T1 Lowest tertile T3 2.29 (1.29, 4.08)
Middle tertile T1 Middle tertile T3 Ref.
Highest tertile T1 Highest tertile T3 2.08 (1.04, 4.16)
Practicality of 
television
Lowest tertile T1 Lowest tertile T3 1.00 (0.37, 2.51)
Middle tertile T1 Middle tertile T3 Ref.
Highest tertile T1 Highest tertile T3 1.74 (0.99, 1.25)
aMultinomial logistic regression, adjusted for intervention group and clustering by first-
time mothers group
bBolded values significant at p<0.05
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Figures 6.1 to 6.4 depict the number of people within each tertile and movement 
between categories for the four maternal beliefs assessed (cross-tabulation tables 
available in Appendix 6.2). For the constructs “current and future behaviour” and 
“practicality of television”, the largest proportion of mothers had decreasingly 
favourable beliefs over time while for the constructs “modelling” and “self-
efficacy” the largest proportion of mothers had persistently unfavourable beliefs 
over time. For all maternal beliefs except the importance of modelling, a greater 
proportion of mothers had decreasingly favourable beliefs than increasingly 
favourable beliefs. 
Figure 6.1 Movement between categories of maternal beliefs regarding 
children’s current behaviour and future behaviour between T1 and 
T3 (n = 401)
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Figure 6.2 Movement between categories of maternal beliefs regarding the 
importance of modelling between T1 and T3 (n = 401)
Figure 6.3 Movement between categories of maternal self-efficacy for 
promoting physical activity and limiting TV viewing between T1 
and T3 (n = 401)
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Figure 6.4 Movement between categories of maternal beliefs regarding the 
practicality of television between T1 and T3 (n = 401)
Tables 6.5 through 6.8 outline the demographic and behavioural predictors of 
change for the four maternal beliefs assessed. Maternal physical activity and child 
temperament were most frequently identified predictors of movement between 
categories across all maternal belief variables assessed. For example, compared to 
mothers who had persistently unfavourable beliefs regarding modelling, mothers 
who met physical activity recommendations were three times more likely to have 
increasingly favourable beliefs regarding modelling compared to those who did 
not meet physical activity recommendations.
 
174 
 
Table 6.5 Odds ratios and 95% confidence intervals (CI)a of changing maternal beliefs regarding children’s current and future 
behaviour according to maternal and child predictorsb
Predictor variable Increasingly favourable Decreasingly favourable Persistently favourable
OR 95% CI OR 95% CI OR 95% CI
Maternal physical activity
<150 mins/week 1.0 (ref) 1.0 (ref) 1.0 (ref)
PLQVZHHN 4.56 (1.67, 12.45) 2.13 (1.01, 4.53) 1.49 (0.70, 3.17)
Maternal television viewing time
<7 hours/week 1.0 (ref) 1.0 (ref) 1.0 (ref)
KRXUVZHHN 0.69 (0.12, 3.90) 2.29 (0.81, 6.44) 1.63 (0.53, 4.99)
Maternal education
Low 1.0 (ref) 1.0 (ref) 1.0 (ref)
Mid 1.44 (0.57, 3.64) 1.37 (0.71, 2.64) 0.85 (0.37, 1.96)
High 2.75 (1.11, 6.82) 1.87 (0.94, 3.74) 1.53 (0.70, 3.35)
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Predictor variable Increasingly favourable Decreasingly favourable Persistently favourable
OR 95% CI OR 95% CI OR 95% CI
Maternal age 0.91 (0.85, 0.99) 0.93 (0.87, 1.00) 1.01 (0.95, 1.07)
Child sex
Male 1.0 (ref) 1.0 (ref) 1.0 (ref)
Female 0.92 (0.44, 1.91) 1.51 (0.90, 2.5) 1.58 (0.88, 2.85)
Child age 1.00 (0.77, 1.28) 1.02 (0.80, 1.30) 1.05 (0.79, 1.39)
Child temperament
Much easier than average 1.0 (ref) 1.0 (ref) 1.0 (ref)
Easier than average 0.65 (0.26, 1.61) 0.29 (0.13, 0.64) 0.57 (0.23, 1.44)
Average 0.84 (0.35, 2.04) 0.50 (0.21, 1.17) 0.71 (0.26, 1.99)
More/much more difficult than    
average 0.70 (0.16, 3.05) 0.67 (0.18, 2.52) 0.60 (0.15, 2.40)
aMultinomial logistic regression, adjusted for intervention group and clustering by first-time mothers group; Reference group: persistently 
unfavourable
bBold results are significant at p<0.05
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Table 6.6 Odds ratios and 95% confidence intervals (CI)a of changing maternal beliefs regarding modelling according to 
maternal and child predictorsb
Predictor variable Increasingly favourable beliefs Decreasingly favourable Persistently favourable beliefs
OR 95% CI OR 95% CI OR 95% CI
Maternal physical activity
<150 mins/week 1.0 (ref) 1.0 (ref) 1.0 (ref)
PLQVZHHN 3.12 (1.35, 7.21) 1.82 (0.85, 3.92) 2.63 (1.40, 4.96)
Maternal television viewing time
<7 hours/week 1.0 (ref) 1.0 (ref) 1.0 (ref)
KRXUVZHHN 1.69 (0.67, 4.22) 0.60 (0.14, 2.64) 0.64 (0.22, 1.95)
Maternal education
Low 1.0 (ref) 1.0 (ref) 1.0 (ref)
Mid 0.97 (0.51, 1.83) 1.45 (0.59, 3.58) 0.53 (0.21, 1.36)
High 1.41 (0.71, 2.81) 0.95 (0.40, 2.25) 2.10 (1.06, 4.13)
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Predictor variable Increasingly favourable beliefs Decreasingly favourable Persistently favourable beliefs
OR 95% CI OR 95% CI OR 95% CI
Maternal age 1.00 (0.93, 1.08) 0.99 (0.74, 1.34) 0.97 (0.91, 1.04)
Child sex
1.0 (ref) 1.0 (ref) 1.0 (ref)
Female 1.29 (0.77, 2.14) 1.07 (0.61, 1.88) 1.36 (0.81, 2.30)
Child age 0.93 (0.75, 1.15) 1.00 (0.91, 1.08) 0.86 (0.72, 1.03)
Child temperament
Much easier than average 1.0 (ref) 1.0 (ref) 1.0 (ref)
Easier than average 1.23 (0.56, 2.67) 0.70 (0.31, 1.62) 1.7 (0.75, 3.86)
Average 0.58 (0.25, 1.34) 0.37 (0.14, 0.97) 1.73 (0.72, 4.20)
More/much more difficult than    
average 0.82 (0.29, 2.23) 0.96 (0.25, 3.71) 0.83 (0.21, 3.35)
aMultinomial logistic regression, adjusted for intervention group and clustering by first-time mothers group; Reference group: persistently 
unfavourable
bBold results are significant at p<0.05
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Table 6.7 Odds ratios and 95% confidence intervals (CI)a of changing maternal self-efficacy according to maternal and child 
predictorsb
Predictor variable Increasing self-efficacy Decreasing self-efficacy Persistently high self-efficacy
OR 95% CI OR 95% CI OR 95% CI
Maternal physical activity
<150 mins/week 1.0 (ref) 1.0 (ref) 1.0 (ref)
PLQVZHHN 2.09 (1.03, 4.24) 1.81 (0.77, 4.24) 2.53 (1.34, 4.70)
Maternal television viewing time
<7 hours/week 1.0 (ref) 1.0 (ref) 1.0 (ref)
KRXUVZHHN 0.91 (0.31, 2.63) 1.99 (0.72, 5.49) 1.89 (0.63, 5.65)
Maternal education
Low 1.0 (ref) 1.0 (ref) 1.0 (ref)
Mid 0.99 (0.40, 2.45) 1.33 (0.59, 3.00) 2.05 (0.77, 5.46)
High 0.99 (0.42, 2.33) 1.14 (0.57, 2.30) 2.34 (0.92, 5.95)
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Predictor variable Increasing self-efficacy Decreasing self-efficacy Persistently high self-efficacy
OR 95% CI OR 95% CI OR 95% CI
Maternal age 0.97 (0.90, 1.05) 0.98 (0.91, 1.05) 0.98 (0.92, 1.04)
Child sex
Male 1.0 (ref) 1.0 (ref) 1.0 (ref)
Female 0.92 (0.52, 1.61) 1.16 (0.67, 2.00) 1.23 (0.71, 2.12)
Child age 0.85 (0.66, 1.09) 1.00 (0.79, 1.26) 1.04 (0.79, 1.36)
Child temperament
Much easier than average 1.0 (ref) 1.0 (ref) 1.0 (ref)
Easier than average 0.75 (0.31, 1.81) 0.39 (0.17, 0.91) 0.36 (0.13, 0.98)
Average 0.58 (0.21, 1.58) 0.38 (0.15, 0.98) 0.30 (0.12, 0.77)
More/much more difficult than    
average 0.27 (0.07, 1.03) 0.21 (0.05, 0.78) 0.07 (0.01, 0.40)
aMultinomial logistic regression, adjusted for intervention group and clustering by first-time mothers group; Reference group: persistently low 
self-efficacy
bBold results are significant at p<0.05
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Table 6.8 Odds ratios and 95% confidence intervals (CI)a of changing maternal beliefs around practicality of TV according to 
maternal and child predictorsb
Predictor variable Increasingly favourable beliefs Decreasingly favourable Persistently favourable beliefs
OR 95% CI OR 95% CI OR 95% CI
Maternal physical activity
<150 mins/week 1.0 (ref) 1.0 (ref) 1.0 (ref)
PLQVZHHN 0.74 (0.17, 3.25) 0.84 (0.19, 3.67) 1.13 (0.26, 5.01)
Maternal television viewing timec
<7 hours/week 1.0 (ref) 1.0 (ref) 1.0 (ref)
KRXUVZHHN - - -
Maternal education
Low 1.0 (ref) 1.0 (ref) 1.0 (ref)
Mid 0.85 (0.11, 6.57) 0.82 (0.12, 5.43) 0.82 (0.11, 6.03)
High 0.75 (0.09, 6.02) 0.50 (0.80, 3.12) 0.68 (0.09, 4.99)
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Predictor variable Increasingly favourable beliefs Decreasingly favourable Persistently favourable beliefs
OR 95% CI OR 95% CI OR 95% CI
Maternal age 1.15 (0.96, 1.38) 1.12 (0.93, 1.34) 1.11 (0.93, 1.33)
Child sex
Male 1.0 (ref) 1.0 (ref) 1.0 (ref)
Female 0.95 (0.28, 3.23) 1.13 (0.37, 3.43) 0.72 (0.26, 2.00)
Child age 0.65 (0.48, 0.88) 0.88 (0.68, 1.13) 0.66 (0.48, 0.92)
Child temperament
Much easier than average 1.0 (ref) 1.0 (ref) 1.0 (ref)
Easier than average 0.52 (0.06, 4.22) 0.57 (0.07, 4.38) 0.25 (0.03, 1.91
Average 0.42 (0.04, 4.05) 0.65 (0.08, 5.61) 0.25 (0.03, 2.04)
More/much more difficult than    
average 0.07 (0.01, 1.63) 0.34 (0.03, 3.69) 0.12 (0.11, 1.22)
aMultinomial logistic regression, adjusted for intervention group and clustering by first-time mothers group; Reference group: persistently 
unfavourable
bBold results are significant at p<0.05
cNot assessed due to low numbers in categories
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Table 6.9 presents the associations between change in maternal beliefs and 
children’s LMVPA (Aim 2). Mothers with decreasing self-efficacy over 15 
months had children who spent 14 minutes less in LMVPA per day on average 
compared with those mothers reporting persistently low self-efficacy. This 
finding was no longer significant after controlling for maternal education and the 
age that the child began walking. No associations between the three other 
maternal beliefs and children’s LMVPA were observed.
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Table 6.9 Changes in maternal beliefs and children’s LMVPAa at 19-monthsb
Variable Model Ac
ȕ (95% CI)
Model Bd
ȕ (95% CI)
Current & future behaviour
Persistently favourable 0.19 (-14.00, 14.37)
Increasing 1.76 (-11.11, 14.63
Decreasing -4.91 (-18.49, 8.67)
Modelling
Persistently favourable 1.14 (-10.53, 12.81)
Increasing 7.37 (-5.19, 19.94)
Decreasing -0.36 (-14.98, 14.25)
Self-efficacy
Persistently favourable -1.32 (-13.43, 10.79) -1.05 (-13.34, 11.22)
Increasing -2.27 (-16.32, 11.79) -2.15 (-15.59, 11.29)
Decreasing -13.89 (-26.04, -1.73) -11.53 (-23.69, 0.64)
Practicality of television
Persistently favourable -0.28 (-29.51, 28.94)
Increasing 9.56 (-23.23, 42.35)
Decreasing -3.61 (-34.13, 26.89)
Bolded text = significant at p<0.05
aLight, moderate and vigorous intensity physical activity (LMVPA)
bReference group: persistently unfavourable
cAdjusted for intervention group, accelerometer wear minutes and clustering by mother’s 
group attended
dAdjusted for intervention group, accelerometer wear minutes, clustering by mother’s 
group attended, maternal education and age the child began walking
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6.5 Discussion
This chapter examined the tracking of four maternal beliefs regarding their young 
children’s physical activity (current and future behaviour, modelling, self-efficacy 
and practicality of television) as well as the associations between changes in 
maternal beliefs and children’s physical activity levels. This information builds on 
the findings from Chapter 5 and can be used to inform our understanding of how 
and when interventions might be delivered to families to promote young 
children’s physical activity. 
6.5.1 Maternal beliefs scores at child aged 4 and 19 months old 
Overall, maternal beliefs regarding children’s physical activity were generally 
positive at both T1 and T3. Mothers scored, on average, over two (out of a 
possible score of three) for all maternal belief variables examined except the 
importance of modelling. This is consistent with current literature that has 
suggested that parents of young children typically have fairly positive views 
regarding parenthood in general (Harwood, McLean & Durkin 2007) and in their 
ability to promote physical activity and limit television viewing in their child at a 
very young age (Campbell et al. 2010; Hesketh, Hinkley & Campbell 2012a).
However, it should be noted that 83% of mothers in our sample reported meeting 
the physical activity guidelines for adults (DoHA 2014) (nearly 40% higher than 
the self-reported national average) and watched less television than the Australian 
population (ABS 2011-2012). Therefore it is possible that the mothers in the 
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Melbourne InFANT Program had more favourable views, or reported having 
more favourable views, towards physical activity and television viewing than 
would the general population. Thus, it is probable that these attitudes were 
reflected in the high maternal belief scores observed in this study.
6.5.2 Tracking of maternal beliefs over 15 months 
When mothers were categorised into tertiles based on their beliefs relative to their 
peers at T1 and T3, it was found that overall tracking was low for the four 
maternal beliefs assessed. Additionally, mothers in the top or bottom tertile at T1 
were more likely to remain in these tertiles at follow-up compared to those in the 
middle tertile at both time points for all beliefs except the practicality of 
television. These findings suggest that mothers’ beliefs and self-efficacy 
regarding promoting physical activity and limiting television viewing in their 
child are most consistent for those who have the strongest favourable or 
unfavourable beliefs. While this is a positive finding for those with favourable 
beliefs or high self-efficacy, it is less desirable for mothers with unfavourable 
beliefs or low self-efficacy as interventions may need to be particularly intensive 
to change self-efficacy in this population. As no studies could be found in the 
literature that had examined tracking of maternal health beliefs, no comparisons 
with these data are possible. 
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Because mothers are a critical intervention target group for children’s physical 
activity behaviours, future work is needed to examine why some mothers’ beliefs 
remain persistently favourable compared to their peers. In contrast, mothers’ 
beliefs regarding the practicality of television appeared to be more variable 
between T1 to T3 than for the other constructs, even amongst those mothers in 
extreme tertiles at T1. It is difficult to determine why the practicality of television
construct demonstrated lower tracking than the other variables assessed. It is 
possible that mothers may have had more experience with their child’s television
viewing than with their child’s physical activity at the time of assessment. 
Previous research has shown nearly half of children begin watching television by 
3 months of age (Zimmerman, Christakis & Meltzof 2007) but the average age for 
walking is approximately 12 months (WHO Multicentre Growth Reference Study 
Group 2006). This may have resulted in more consistent physical activity beliefs 
over the 15 month time period since mothers may have not yet had sufficient 
experiences with their children’s physical activity to (potentially) modify their 
physical activity beliefs. Because the practicality of television construct only 
included questions regarding television viewing, while the other three constructs 
included questions regarding physical activity in addition to television viewing,
this may also have impacted the results.
While overall tracking was low, few mothers in this sample moved between 
extreme tertiles (top tertile to bottom tertile or vice versa) from T1 to T3. For 
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most variables assessed, a greater proportion of individuals moved from the 
highest tertile to the lowest tertile compared to vice versa, suggesting that if 
individuals moved tertiles between time-points it was more often in a downwards 
direction. These findings highlight that optimising certain maternal beliefs early 
in her child’s life is important as they are likely to decrease rather than increase as 
her child ages. This is consistent with qualitative (Hesketh, Hinkley & Campbell 
2012a) and quantitative (Campbell et al. 2010) work that suggests parents of 
younger children have higher self-efficacy for encouraging healthy behaviours 
than parents with older children. The many developmental changes that occur 
over the first year of a child’s life (Haywood 2009), with children becoming more 
autonomous and demanding, may explain the decrease in self-efficacy mothers 
experience over this period. Some mothers may not possess the skills required to 
negotiate with the child to encourage physical activity and/or limit television 
time.
It is important to note that although the greatest proportion of mothers had 
decreasingly favourable or persistently unfavourable beliefs regarding their
child’s physical activity behaviours, many mothers in our sample demonstrated 
persistently favourable or increasingly favourable beliefs. It is possible that this 
occurred because mothers may have sought out or been exposed to information 
around children’s physical activity or television viewing which may have changed 
their beliefs regarding the importance of modelling, children’s current behaviour 
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and future behaviour and the practicality of television. Similarly, mothers may 
have had a successful experience at encouraging active play in their children or 
limiting their television viewing time, therefore increasing their self-efficacy from 
T1. Identifying strategies used by mothers whose beliefs remain favourable or 
increase over time is desirable in order to help understand how to increase or 
maintain such beliefs in others.
6.5.3 Predictors of change in maternal beliefs 
One of the factors that was consistently associated with favourable change was 
maternal physical activity. Mothers who met the physical activity guidelines at T1 
were more likely to have increasingly favourable beliefs around children’s current 
and future behaviour and the importance of modelling and increasing self-efficacy 
over 15 months compared to those who did not meet the physical activity 
guidelines. As previous research has shown that mothers and young children’s 
physical activity levels are positively associated (Oliver, Schofield & Schluter 
2010; Xu & Wen 2012), it is possible that mothers who met the physical activity 
guidelines when their child was 4 months old engaged in more physical activity 
with their child once he or she became mobile. Moreover, they may have 
observed that their children were more active when they, the mothers, engaged in 
physical activity with them, resulting in increased beliefs towards the importance 
of modelling compared to someone who did not meet physical activity guidelines.
Similarly, mothers who engage in sufficient physical activity themselves may 
have had successful experiences at promoting physical activity over television 
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viewing during the 15 months which may have increased in self-efficacy. Taken 
together, these findings provide support for the importance of promoting physical 
activity in mothers with young children, not only for their own health but their 
child’s as well.
The child’s temperament was also associated with a change in self-efficacy from 
T1 to T3, whereby those mothers who rated their child’s temperament as easier 
than average, average, or more difficult than average (compared with much easier 
than average) had lower odds of having persistently high self-efficacy. This effect 
was most pronounced for those who rated their child’s temperament as more or 
much more difficult than average. The influence of difficult child temperament 
has previously been investigated in studies of parental feeding practices 
(McMeekin et al. 2013), picky eating (Hafstad et al. 2013), weight gain (Anzman-
Frasca, Stifter & Birch 2012) and television viewing (Thompson, Adair & 
Bentley 2013). However, only one study could be located that has examined 
parental self-efficacy alongside child temperament for health outcomes (Anzman-
Frasca et al. 2013). That study found that children with a more negative parent-
reported temperament gained more weight, but only when their parent had low
self-efficacy at baseline (Anzman-Frasca et al. 2013).
Findings by Thompson and colleagues also identified that children perceived by 
their mother to have a more active or fussy temperament were exposed to more 
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television than children with a less active temperament (Thompson, Adair & 
Bentley 2013). Drawing from qualitative work (De Decker et al. 2012), it can be 
hypothesised that in these situations, parents may have opted to use the television 
to distract the child or calm him or her down or may have been less inclined to 
restrict television if the child wanted to watch. Consequently, it may be even more 
critical for mothers of infants with a difficult temperament to have support 
available to them to promote active play and enact alternative strategies to use of 
the television from early in their child’s life.
Three demographic variables were associated with a change in maternal beliefs 
from T1 to T3. Mothers with a high (university degree or higher) level of 
education (used as a proxy for socioeconomic status) were found to have a greater 
odds for developing more favourable beliefs around children’s current and future 
behaviour as well as greater odds of having persistently favourable beliefs around 
the importance of modelling. It has been found that parents of a lower 
socioeconomic status generally believe they have less control over their child’s 
development than do parents of a higher socioeconomic status (Hoff, Laursen & 
Tardif 2002). This appears to be reflected in the specific beliefs around the 
influence parents have on their children’s physical activity and television viewing, 
suggesting that initial educational sessions may be of use in this demographic 
group. 
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Maternal and child age were also associated with maternal belief patterns. Older 
mothers were less likely to have increasingly favourable beliefs around children’s 
current and future behaviour while mothers with an older child (relative to the 
others in the cohort) were less likely to have increasingly favourable and 
persistently favourable beliefs around the practicality of television. Child age has 
been consistently positively associated with children’s television viewing time 
(Duch et al. 2013) and thus it is not surprising that mothers of older children were 
less likely to have desirable beliefs around the practicality of television.
Implementing strategies to limit television viewing early in a child’s life may be 
more efficacious for the reduction in children’s screen behaviours (Marsh et al. 
2014).
There were several unexpected findings in this study. First, mothers who met the 
adult physical activity guidelines were more likely to have decreasingly 
favourable beliefs regarding children’s current and future behaviour. Although 
this sounds counterintuitive, it is possible that mothers who were active 
themselves may have been overly optimistic about their child’s physical activity 
at T1 and the decrease in beliefs may reflect a shift towards more ‘realistic’ 
beliefs towards their child’s current and future behaviour at T3. Second, mothers 
who rated their child’s temperament as easier than average or average were less 
likely than those who rated their child’s temperament as much easier than average 
to have decreasing favourable beliefs around children’s current and future 
behaviour and around the importance of modelling. This could also be explained 
 
192 
 
with a similar rationale; perhaps those mothers whose child had a much easier
than average temperament at 4 months old were unrealistically optimistic about 
their current and future behaviour and modelling compared to those mothers 
whose child had a less easy temperament. Further research is needed in separate 
sample groups to determine if these are consistent or spurious findings.
6.5.4 Change in maternal beliefs and children’s physical activity levels 
The final aim of this chapter examined the associations between changes in 
maternal beliefs and children’s LMVPA. It was found that mothers with 
decreasing self-efficacy had children who engaged in approximately 14 minutes 
less of LMVPA per day (8% of the current physical activity guidelines) than 
mothers with persistently low self-efficacy. This association was no longer 
significant after controlling for potential confounders and no other associations 
were found between maternal beliefs and children’s LMVPA. 
There are a couple of reasons for the unexpected lack of associations observed. 
First, as discussed in earlier chapters, it is possible that at a young age, much of 
children’s engagement in physical activity is biologically determined (as a 
mechanism of learning through active play) (Rowland 1998) with social 
influences (e.g., mothers’ beliefs) having a smaller impact at this age compared to 
older children. Since so little research has been performed with children under 3 
years of age, it is very difficult to confirm this. A previous study on correlates of 
toddlers’ physical activity have found no modifiable correlates of physical 
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activity (Wijtzes et al. 2013); however changes in correlates and associations with 
children’s physical activity have not been examined. Whilst it seems logical that 
developing favourable maternal beliefs towards children’s physical activity is 
important, it may not result in observable differences in children’s physical 
activity levels until they are older. Alternatively, this study assessed maternal 
beliefs only. It has been established that beliefs do not necessarily reflect a change 
in one’s own behaviour (Ajzen 1991) and therefore it is possible that changes in 
beliefs observed in this study did not result in a change in mothers’ behaviours for
encouraging or discouraging their child’s physical activity. 
6.6 Strengths and limitations
The main strength of this study was the novel examination of how maternal 
beliefs regarding the promotion children’s physical activity change over the first 
two years of children’s lives. However, a number of limitations specific to this 
study should be identified. 
By dividing the data into tertiles (although a common approach for tracking 
studies (Cleland et al. 2009; Yang et al. 2006)) ‘true’ tracking may have been 
over- or under-estimated. For example, if there was substantial movement near 
the cut-off points for tertiles, but not as much movement observed within tertiles, 
tracking may have been overestimated. Alternatively, if there was little movement 
between tertiles but a lot of movement within a given tertile, tracking may have 
been underestimated.
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Further, this study was conducted over 15 months from when children were 4 
months old to 19 months old. As previous cross-sectional research has observed 
lower self-efficacy in mothers of preschool children compared to children under 
age two, it is possible that greater differences may be observed over a longer 
period of time. Additionally, as discussed earlier in section 6.5, mothers 
responded quite positively to many of the variables assessed at both T1 and T3. 
This ‘ceiling effect’ of the data may have made it difficult to observe associations 
between demographic and behavioural predictors and maternal tracking patterns,
and may have impacted on the interpretation of the findings. Most notably, it 
should be acknowledged that even those mothers in the lowest tertile did not 
necessarily have overall scores that reflected undesirable beliefs. They were 
simply the least favourable of the participant group sampled compared to their 
peers. As such, greater differences in movement might have been observed had 
the sample group been less homogenous. Finally, as multiple tests were conducted 
throughout this chapter and some of the associations observed were small, it is 
possible that some of the findings were due to chance.
6.7 Conclusion
In summary, this chapter examined the tracking and correlates of maternal beliefs 
towards their young children’s physical activity as well as associations between 
changes in beliefs and children’s physical activity levels. Overall, tracking of 
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maternal beliefs was low with many mothers’ beliefs and self-efficacy decreasing 
over time. Maternal physical activity level and child temperament appeared to 
have the greatest influence on the direction of change in maternal beliefs. 
However, no consistent associations were identified to explain decreasing 
maternal self-efficacy over time. These findings suggest that greater support may 
need to be provided to mothers to increase and maintain favourable beliefs and 
high self-efficacy around their child’s physical activity. Further investigation into 
the association between changes in beliefs, particularly maternal self-efficacy, and 
children’s physical activity levels is warranted to gain a better understanding of 
the mechanisms underlying this process. In particular, investigating these factors 
in the context of broader family life (e.g. potential arrival of new children, 
competing work demands) may provide a more comprehensive understanding of 
changes in maternal beliefs over this time period.
In this chapter a number of maternal beliefs were examined. It was found that 
changes in these beliefs did not predict children’s physical activity levels as 
toddlers. Similarly, in Chapter 5, few predictors of young children’s physical 
activity were identified. However, due to the utilisation of existing data for 
secondary analyses, much of this work has focused on maternal beliefs, though 
the social-cognitive theory- family perspective also highlights the importance of 
maternal behaviours for children’s physical activity participation. Thus, a 
purpose-designed study was needed to assess specific maternal behaviours (e.g. 
provision of opportunities for physical activity, mothers’ own physical activity 
 
196 
 
participation) which support or hinder children’s engagement in physical activity.
Given children’s hourly physical activity patterns differed across the day in 
Chapter 4, an examination of different maternal behaviours influencing young 
children’s physical activity across different periods of the day is warranted. 
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Chapter 7: The Mother and 
Child Physical Activity 
(MACPAC) Study
7.1 Introduction
Throughout this thesis, the evidence for the importance of regular engagement in 
physical activity for children’s physical and psychosocial health and cognitive 
development has been discussed. Despite the commonly held belief that children 
are naturally active (Hesketh, Hinkley & Campbell 2012a), findings from the first 
study of this thesis (Chapter 4) identified that many children in that sample (58%) 
were not meeting current physical activity guidelines every day, with MVPA 
comprising a small proportion of children’s overall physical activity. This low 
prevalence estimate is of concern given that physical activity has been shown to 
progressively decline as children enter the primary school years (Taylor et al. 
2013). Taken together, such evidence suggests that a better understanding of key 
influences on young children’s physical activity is needed in order to inform 
physical activity interventions targeted at this population group.
The previous work conducted in this thesis focused largely on maternal beliefs 
regarding children’s physical activity as a key influence on young children’s 
physical activity levels. However, the social-cognitive theory- family perspective 
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highlights that maternal behaviours also play a role. This proposition is supported 
in the literature. For example, a recent examination of the correlates of physical 
activity in a large sample of preschool children found that the majority of 
modifiable correlates associated with children’s physical activity levels were 
those that involved parent behaviours rather than parent beliefs (Hinkley et al. 
2012d). Furthermore, parents’ own physical activity level has been associated 
with their preschool children’s physical activity behaviour (Hinkley et al. 2012d; 
Jago et al. 2014; Oliver, Schofield & Schluter 2010; van Sluijs et al. 2013). Thus, 
an examination into specific maternal behaviours that support young children’s 
physical activity engagement is warranted. In particular, examining both mothers’
objective physical activity levels as well as the context of this behaviour, may 
provide a better understanding of maternal influences on young children’s 
physical activity levels.
The majority of research on the correlates of physical activity in children under 
age five has examined these influences across the whole day. However, it has 
been identified in the literature that correlates are behaviour-context (Sallis, Owen 
& Fisher 2008). There is evidence in preschool and primary school children that 
the correlates of physical activity may differ depending on the time of day 
(Brooke et al. 2014; Hesketh et al. 2014a) or the intensity of physical activity 
engaged in (van Sluijs et al. 2013). As the physical activity levels of toddlers 
within the Melbourne InFANT Program sample varied by time of day (see 
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Chapter 4), it could be hypothesised that this behaviour-context specific approach 
could be useful in examining the correlates of young children’s physical activity 
as well. Identifying specific, modifiable correlates of children’s physical activity 
during different periods of the day and across different physical activity 
intensities may provide more targeted direction for intervention strategies aiming 
to promote physical activity in this age group. 
7.2 Aims
This chapter describes the methodology and results from the Mother and Child 
Physical Activity (MACPAC) study. The MACPAC study was a purpose-
designed, cross-sectional study which aimed to identify the association between 
maternal behaviours promoting children’s physical activity and young children’s 
(1- 3 years of age) physical activity levels across different periods of the day. This 
study provided a more focused, in depth examination of self-reported maternal 
behaviours supporting children’s physical activity than was available from 
existing Melbourne InFANT Program data and also included an objective 
assessment of concurrent maternal physical activity levels.
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7.3 Methods
7.3.1 Ethics approval
Ethics approval for this study was granted by the Deakin University Human 
Ethics Advisory Group- Faculty of Health. 
7.3.2 Sample size calculation
A sample size calculation was conducted using G*Power 3.1.9 software to 
determine the number of participants needed to generate adequate power to detect 
significant associations, should they exist, between maternal behaviours and 
children’s physical activity. To provide 80% power to detect correlations of 0.25, 
with alpha level set at 0.05, it was identified that 123 participants would be 
required. However, given that in the Melbourne InFANT Program only around 
70% of toddlers had valid accelerometry data, the target sample size was 
increased by an additional 77 participants (approximately 30% more) to ensure an 
adequate sample size would remain if a similar proportion of valid data were 
obtained in this study. Thus, the MACPAC study aimed to recruit a total of 200 
mother-child pairs.
7.3.3 Participant inclusion criteria
Mothers and children were included in this study if they met the following 
inclusion criteria: 1) the mother was fluent and literate in English; 2) the child 
was between 1 and 3 years of age at the time of recruitment; and 3) the mother 
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and child were together for the majority of the day on most (at least 4 of 7) days 
each week. This third criterion was incorporated to ensure that children would 
have adequate exposure to maternal behaviours across all periods of the day. Two 
or more children from the same family could take part in the study provided 
separate data were collected for each child. 
7.3.4 Participant recruitment
The MACPAC study was conducted between June 2013 and March 2014. 
Participants were recruited based on a convenience sampling approach. A number 
of recruitment strategies were employed to recruit participants for the study 
including visits to playgroups registered with Playgroups Victoria and parent-
child swimming classes, the circulation of an email to university staff and 
advertisements in primary school newsletters. The process for recruiting 
participants using each of these methods is described below. All parents were 
required to provide a written informed consent form on behalf of themselves and 
their child to participate in the study (Appendix 7.1).
Participant recruitment through playgroups
In Victoria, the not-for-profit organisation Playgroups Victoria (Playgroups 
Victoria 2014) provides opportunities and support for parents and children to 
participate in playgroups in their local area. Playgroups are generally run weekly 
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for parents and children from birth to five years of age. Playgroups Victoria
provides an online directory of all registered playgroups by local government area 
(LGA) and was therefore a useful resource for locating mothers with children 
from one to three years of age. 
A database was created with the contact information for all playgroups in eight 
LGAs in closest proximity to Deakin University. Playgroups were only excluded 
from the database if the description about the playgroup on the Playgroups 
Victoria website indicated that it was a playgroup for non-English speaking 
families or for fathers only. A total of 163 playgroups were identified and 94 were 
contacted by telephone. The remaining playgroups were not contacted by 
telephone because the days that the playgroups ran conflicted with other 
playgroup recruitment or data collection visits or were not able to be contacted 
within the timeframe of the study. 
The lead contact mother of each playgroup (or playgroup leader for community-
run playgroups) was contacted by telephone and a request was made by the 
candidate to attend the playgroup to inform the mothers about the research project
and invite them to participate in the study. During the telephone call, a screening 
question about the ages of children in the playgroup was used to ensure that the 
group would fit the inclusion criteria for the study. If the lead contact mother 
confirmed that the researcher could come out to speak to the mothers, a date and 
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time was scheduled. This was usually the next meeting day/time for the 
playgroup. Of the 94 playgroups contacted by telephone, 38 (40%) agreed to have 
the researcher come out to speak to the members. Of the remaining playgroups 
identified, 37 (39%) did not return repeated phone calls, 3 (3%) indicated they 
were not interested in taking part, and 5 (5%) had too few participants in the age 
range attending or the playgroup was no longer meeting. Of the 38 playgroups 
visited by research staff, 11 (12%) did not have any participants interested in 
taking part. In total, 314 mothers-child pairs were informed about the study and 
139 agreed to take part (response rate 44%).
At the recruitment visit, research staff members introduced themselves to the 
playgroup members and described the research project and study requirements to 
mothers. Informed consent forms and/or information sheets were handed out to 
those who were interested in participating. If there were at least two mothers in 
the playgroup who were interested in taking part in the study, the research staff 
arranged to come back to the playgroup to collect the data. If mothers did not 
complete the informed consent forms on the day of the recruitment visit, they 
were asked to bring it along to playgroup the following week or were asked to 
contact the research staff directly to arrange a suitable time to visit them and their 
child. If only one family was interested in taking part, an individual appointment 
was made for the researcher to visit the mother and child at home. Mothers were 
also given the opportunity to ask questions about the research project during the 
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recruitment visit. Scripts for the recruitment telephone call and research visit are 
included in Appendix 7.2 and 7.3, respectively.
Participant recruitment through swimming classes
A number of community pools in Melbourne provide swimming classes for 
parents and children under four years of age. Contact was made with managers of 
two community pools and both gave permission to set up a booth in the recreation 
centre and to identify the most appropriate times for the researcher to visit. On the 
day of the pool visits, mothers who were interested in the study were provided 
with study information and consent forms. The mothers could either sign the 
informed consent form at that time, or could take it home to read over and contact 
the candidate if she was interested in participating. Once informed consent was
received, a researcher scheduled a visit for data collection at a time and location 
that was convenient for the mother and child. Of the 12 information packs 
distributed, four mother-child pairs agreed to take part.
Participant recruitment through a university-wide email 
A university-wide email was sent to Deakin University staff notifying them about 
the study and asking them to forward the information to anyone they thought 
might wish to take part (Appendix 7.4). Those interested in taking part in the 
study, were requested to contact the primary investigator directly via email or 
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telephone. Once the primary investigator was contacted, a plain language 
statement and informed consent form were then sent to potential participants. 
Upon receiving verbal consent from mothers, researchers arranged a home visit 
for data collection. Written informed consent was collected at the home visit. A
total of 18 mother-child pairs were recruited through this method.
Recruitment through primary school newsletters
All primary schools within three of the same LGAs as the playgroups were 
identified through the Victorian Department of Education and Early Childhood 
Development’s “Find a School” online tool. A database of the contact information 
for all primary schools in the LGAs was created and an email was sent to the 
contact person listed online. This email contained a request for a notice be put in 
their next primary school newsletter to recruit families who also have younger 
children. If schools did not respond to the email, a follow-up phone call was made 
by a research staff member within 1-2 weeks. No additional follow-up was 
conducted with the schools if they did not respond. A total of 100 schools were 
contacted at least once and 13 agreed to advertise within their school newsletter. 
A copy of the advertisement included in the newsletters is shown in Appendix 
7.5. Two families were recruited through this method.
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7.3.5 Measures
Mothers participating in the MACPAC study answered a 248-item questionnaire 
specifically designed for this study (Appendix 7.6). The questionnaire assessed a 
number of constructs relevant to mothers’ own physical activity as well as their 
child’s. It is important to note that many of the questions included in the survey
are not relevant to this chapter, but were included in the MACPAC survey to 
allow for secondary data analyses to be completed in the future using this unique 
dataset. Thus, for the purpose of this thesis, the demographic variables (Q1-Q9, 
Q22, Q23, Q24, Q25, Q26) and maternal physical activity promoting behaviours 
(Q15a- Q15p, Q16a-Q16d) that are relevant to answering the research question 
posed will be described further.  
Demographic characteristics
A number of maternal and child demographic and situational variables were 
assessed. These variables included maternal date of birth, education, marital 
status, employment status and child date of birth, sex, temperament and age when
he/she started walking. Data were also collected on the child’s usual wake time 
and bedtime, whether the mother was currently pregnant and if there were any 
other children under the age of 18 living in the home (including ages and sexes of 
up to seven other children). All variables were examined using the same scales 
described in previous chapters (see section 4.3.2 and section 5.3.3).
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Maternal physical activity promoting behaviours
Self-reported physical activity promoting behaviours
Twenty maternal physical activity promoting behaviours hypothesised to 
influence young children’s physical activity were assessed in the morning (wake 
up – 11am), afternoon (11 am- 4 pm) and evening (4 pm – bedtime) (Table 7.1). 
The times selected to comprise the morning, afternoon and evening periods were 
based on the child activity patterns observed in Chapter 4.
To date, no studies have comprehensively examined maternal physical activity 
promoting behaviours in this young age group, consequently no age-appropriate 
measures of maternal physical activity promoting behaviours were identified. 
Thus the questions included in the survey were purpose-developed by the 
candidate. Previous questions or constructs assessing maternal facilitation of 
physical activity used in other studies on older children (Hinkley et al. 2012c)
were used as the foundation for the newly derived questions. The twenty 
questions included in the current survey were designed to cover six different types 
of maternal facilitating behaviours, consistent with previous research (Jago et al. 
2014) and corresponding to the ‘maternal behaviour’ component of the social-
cognitive theory- family perspective model: 1) providing opportunities for the 
child to participate in physical activity; 2) co-participating in sedentary 
behaviours with the child; 3) co-participating in quiet play activities with the 
child; 4) co-participating in physical activities with the child; 5) modelling 
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physical activity in front of the child; and 6) modelling sedentary behaviour in 
front of the child (see Table 7.1). These questions were designed to generate a 
cumulative score of the time spent in the respective behaviours. Mothers were 
also asked an open-ended question regarding which period of the day they found 
it easiest for their child to be active (e.g. morning, afternoon or evening). The full 
MACPAC survey was pilot tested with four mothers with young children for 
feedback on question comprehensibility, question relevance (based on age group) 
and survey length. Only minor adjustments were made to the questionnaire based 
on the pilot testing feedback and thus these are not described in detail. 
For questionnaire items Q15a-Q15q and Q16a-Q16d (see Table 7.1) mothers were 
first asked whether or not they did a particular activity with their child in the past 
week. If mothers answered ‘no’ they were asked to move on to the next question. 
If mothers answered ‘yes’ they were asked to indicate the frequency and total 
length of time (hours and minutes) that they spent engaged in the activity with 
their child in the previous week during each of the morning, afternoon and 
evening time periods. To reduce participant burden, mothers were instructed to 
leave any periods of the day where they did not do the activity blank. For 
example, if a mother responded that she had taken her child to the 
park/playgroup/beach in the previous week, she would only be required to 
respond to the frequency and length of time spent at the park/playgroup/beach 
during those periods that she was there. Thus, the mother may have left the 
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morning and evening length and frequency questions blank but indicated that she 
went to the park/playground/beach once in the afternoon for 3 hours total during 
the previous week. Figure 7.1 provides an example of how the participants were 
asked to respond to the questions.7
Figure 7.1 Sample response scale for the MACPAC study self-reported 
maternal physical activity promoting behaviour questions
7 During the recruitment process, participants were asked to indicate if they would agree to 
complete a second shorter version of the MACPAC survey one week after the first (Appendix 
7.7). This survey aimed to determine the test-retest reliability of survey items not previously used 
in this age group. A subset of the participants in the study (n=31) completed this second survey. 
The test-retest reliability of the maternal physical activity promoting behaviours relevant to this 
chapter are shown in Appendix 7.8. It should be acknowledged that these maternal physical 
activity facilitating behaviours are also likely subject to day-to-day fluctuations, similar to one’s 
own physical activity participation (Caspersen, Powell & Christenson 1985).  
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Table 7.1 Questions comprising the six maternal facilitating behaviours assessed in the Mother & Child Physical Activity 
(MACPAC) Study
Construct Question number Question
In the last week, how often did you…
Provide opportunities for physical 
activity
Q15a Take your child to the park, playground or beach
Q15b Take your child outdoors in their yard or a friend/family members’ yard
Q15c Take your child to an indoor play centre
Q15d Take your child to an organised activity class
Q15e Take your child to playgroups 
Q15f Walk or cycle to/from places with your child
Q15g Invite other mums and their child(ren) over for your child to play with
Q15h Go to another family’s house so your child could play with their children
Co-participate in sedentary behaviour Q15i Watch TV with your child
Q15j Use the computer/tablet/smartphone with your child
Q15k Read books with your child
Co-participate in quiet play activities Q15l Do art & crafts, puzzles, drawing/colouring or similar with your child
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Construct Question number Question
Q15m Play on the floor with your child
Q15n Play imaginary games with your child
Co-participate in physical activities Q15o Participate in active play with your child indoors
Q15p Participate in active play with your child outdoors
In the last week, how often did your child see you…
Model physical activity Q16a Being physically active
Model sedentary behaviour Q16b Sitting down and watching TV/DVDs
Q16c Sitting down on the computer/laptop/tablet/smartphone
Q16d Sitting down for other activities
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Maternal objectively assessed physical activity
Mothers’ physical activity was assessed using ActiGraph GT3X accelerometers,
worn on the hip using a nylon belt for seven consecutive days. Data from the 
accelerometers were collected in 15-second epochs. Mothers were asked to put on 
the accelerometer when they woke up in the morning and only remove it when 
they went to bed and for any water-based activities. 
Children’s physical activity
Children’s physical activity was assessed concurrently to that of their mothers
using ActiGraph GT3X+ accelerometers. Raw acceleration data were sampled at 
30 Hz and stored in the non-volatile flash memory. For the purpose of this study, 
raw data were downloaded and processed into 15-second epochs using ActiLife 
software (version 6.5.2). As the GT3X+ model is a tri-axial accelerometer (rather 
than uni-axial), it is therefore able to measure acceleration in three different 
planes: vertical, anterior-posterior and medio-lateral (Sasaki, John & Freedson 
2011). However, only data from the vertical plane were used, making the 
resulting output comparable to GT1M monitors (Robusto & Trost 2012),
previously used in the Melbourne InFANT Program. This facilitates use of 
established, valid cut-points in this age group (Trost et al. 2011). Mothers were 
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asked to ensure that their children wore the monitor during all waking hours 
except during water-based activities.
7.3.6 Data collection procedures
During data collection visits, accelerometers were fitted to the mothers and 
children, the mothers’ and children’s stature and body mass measurements were 
taken following published protocols (ACHPER 1985) and instructions were 
provided to mothers on how to complete the survey. Each component of data 
collection is described further below and a copy of the data collection sheet is 
provided in Appendix 7.9.
Questionnaire data
Between June and November 2013, participants were able to complete the 
questionnaire online using the Deakin University HealthSurveys system.
However, as this service was terminated on November 30th 2013, participants 
completing the survey on or after December 1st 2013 were required to complete a 
paper copy of the survey. The online survey and paper survey were identical in 
content with the exception that the paper survey asked what day the parents 
completed the survey whereas the online survey recorded the submission date and 
time electronically.
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Mothers were asked to complete the survey during the week of accelerometer 
wear. If the participants did not complete the survey in that time frame, a 
reminder SMS was sent to their mobile phone. If they still had not completed the 
survey a week after that, a phone call was made. If participants did not complete 
the survey after repeated attempts (up to 10 reminders or the cessation of the 
study), their survey data were considered missing. Paper-based surveys were 
collected directly from participants’ letterboxes approximately one week after the 
data collection visit. Surveys were initially screened for missing data and 
participants were contacted via telephone or email and asked to provide the 
missing information. A copy of an email to a participant with missing survey data 
is provided in Appendix 7.10.
Physical activity data
At the data collection visit, mothers and children were fitted with accelerometers.
Mothers were given verbal instructions on how they and their children should 
wear the activity monitor. This included instructions to place the monitor around 
the waist with the sticker facing forward (indicating correct upright positioning of 
the monitor) and to put the accelerometers on as soon as they woke up in the 
morning. Mothers were also asked to complete a log of any time that they or their
children removed the monitor during waking hours over the seven days 
(Appendix 7.11 & 7.12). The first page of this log book contained the instructions 
for accelerometer wear that were provided as a reference point in case this 
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information was forgotten. Nearly all accelerometers were collected from the 
participants’ letterbox with the exception of those who lived in suburbs that were 
more than a 30 minute drive from the university. In this case, a tracking envelope 
was provided to the participants and they were asked to post back the monitor one 
week later. Participants with insufficient accelerometer data were asked to re-
wear the activity monitors for as many days as required in order to obtain a 
minimum of four days of data (n=9 children; n=9 mothers).
Stature and body mass measures
Mothers’ and children’s stature and body mass were measured using a calibrated 
portable stadiometer and scale. All members of the research team that took height 
and weight measurements had previously been trained to do so by other research 
staff in the research centre and had considerable experience with taking height 
and weight measures of young children with proven intra- and inter-rater 
reliability.
For the stature measurements, mothers and children were asked to stand straight 
with their heels together, have their heels, buttocks and back of the head touching 
the stadiometer and arms relaxed by their sides. For young children, one of the 
research assistants or the child’s mother often held the child’s knees to ensure 
they were fully extended and/or the child’s chin to ensure it was straight. Two 
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height measurements were recorded for each participant to the nearest 0.1 cm. If 
the two measures differed by >0.5 cm, a third measurement was taken. The final 
height used was the average of the closest two measurements taken. On seven
occasions, only one height measurement was obtained for a child because they 
were unable to stand still for consecutive measurements (e.g. due to being 
scared/upset by the assessment). 
For the body mass measurements, mothers and children were asked to stand 
upright on the scale separately with feet slightly apart so that the weight was 
distributed evenly on the scale. Participants were asked to stand still with their 
arms by their sides. The researcher recorded the weight to the nearest 0.1 kg and 
then asked the participant to step off the scale. A second measurement was taken 
using the same procedure. If the weight measurements differed by NJDWKLUG
measurement was taken. The final weight used was the average of the two closest 
measurements. As some children did not stand still on the scale long enough to 
take an accurate measurement, their weight measurement was taken with the 
mother holding the child on the scale. The weight of the mother was then 
subtracted from the total weight recorded to determine the child’s weight. All 
parents were provided with their child’s height and weight measurements to keep 
(see Appendix 7.13).
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7.3.7 Data management procedures
Questionnaire data
The online survey data were output in SPSS 21.0 (IBM, St. Leonards, NSW) and 
transferred to Stata 12.0 (StataCorp, College Station, TX) using Stat/Transfer 12.0 
(Circle Systems, Seattle, WA). The paper survey data were manually entered into 
a Microsoft Excel spreadsheet by the candidate and another research staff 
member. Data were then transferred into Stata 12.0 using Stat/Transfer 12.0 and 
merged with the online survey data. The combined dataset was cleaned using 
logic and range checks.
As described in Section 7.3.3, mothers were instructed to leave any periods of the 
day where they did not engage in the activity/behaviour during the previous week 
blank. Thus, data were processed as follows: for questions Q15a- Q16d, when 
participants were asked if they did a particular activity/behaviour in the last week 
their response was dichotomised as ‘yes’ or ‘no’. If a respondent selected ‘no’ but 
proceeded to enter a frequency or length of time in any of the periods, the
responses were changed to ‘yes’ during the data cleaning stage. If participants 
indicated that they had done the activity during the previous week but did not 
report the frequency or length of time in any of the periods, the data were 
considered missing. If no missing data could be gathered from participants
through follow up telephone calls prior to data processing, a conservative 
approach was adopted and all periods of the day for that question were recorded 
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as zero minutes. If participants indicated that they had not done the activity in the 
previous week, the frequency and length of time were recorded as zero minutes. 
As no responses exceeded the threshold of plausible time (i.e., the length of the 
period examined) spent engaged in these behaviours during the time periods, 
truncation was not necessary and all data remained as reported by participants.
The proportion of mothers who engaged in each maternal promoting behaviour 
was assessed to determine if some questions should be omitted from analysis due
to few mothers engaging in these behaviours. No questions were removed due to 
low (<10%) participation by families. Scores were then created to assess the total 
time spent in the six maternal facilitating behaviours over the past week by 
summing the total time (minutes) spent in those behaviours during the past week.  
Accelerometer data reduction
Following download, both mothers and children’s physical activity data were 
stored in a restricted share folder on the primary investigator’s computer. Data 
were then processed with a customised Excel macro using validated cut-points for 
children (Trost et al. 2011) and mothers (Freedson, Melanson & Sirard 1998) to 
determine the amount of time spent in LPA and MVPA during different periods 
of the day (morning, afternoon, evening) and across the whole day. Mothers’ and 
children’s accelerometer data for the morning, afternoon and evening periods 
 
 
219 
 
utilised the same times of day to the survey data; morning consisted of the child’s 
individual wake-up time (Q7 in the survey) to 11:00 am, afternoon consisted of 
11:00 am to 4:00 pm and evening consisted of 4:00 pm to the child’s individual 
bedtime (Q8 in the survey).8
Previous research using different periods of the day has typically only considered 
data if the monitor was sufficiently worn for the whole (valid) day (Hesketh et al. 
2014a; Riddoch et al. 2007). However, this approach may potentially 
underestimate the time spent in physical activity during each specific period. For 
example, if sufficient wear time is recorded across the whole day, but a large 
proportion of this wear time is from the afternoon and evening periods, physical 
activity levels during the morning period may be underestimated. As children in 
this study were still napping throughout the day, an alternative approach was 
investigated which required children to wear the accelerometer for at least 50% of 
each period for that period to be considered valid. This criterion has been has 
been used previously in this thesis (Chapter 4) and published in scholarly 
8 Initially, all results were examined based on the same start time of 6:00 am and an end time of 
9:00 pm (based on results from Chapter 4). However, the initial results from these analyses 
revealed that this approach would limit the possible wear time for children who woke up later or 
went to bed earlier than those selected times of the day, potentially excluding them from the 
analyses. Thus it was decided that a more appropriate approach would be to base the 
accelerometer start and end times on the child’s individual wake and bed time. This approach 
maximized the sample size available for analysis and allowed for individual variability. Mothers’ 
start and end times were then matched to the child’s wake and bed time as the focus of this study 
was to examine the influence of maternal physical activity on children’s physical activity.
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literature (Hnatiuk et al. 2012; Ridgers et al. 2012). This 50% period wear time 
criteria was also applied to mothers in the sample.
Mothers and children were required to have four valid periods of data (3 
weekdays and 1 weekend day) to be included in analyses. Analyses were repeated 
including only children with a valid period on a valid day (>7.4 hours- see 
Chapter 4) and no differences in results were observed. Thus, the decision was 
made to maximise the sample size and only apply the valid period wear time 
criteria for the analyses (Appendix 7.14).
As some mothers had two children taking part in the study, analyses to examine 
associations between maternal and child objectively assessed physical activity 
utilised data from only one of their children to ensure mothers’ physical activity 
data was not duplicated in the dataset. For these mothers, one child’s data were
randomly selected to be matched to the mother’s data unless one child in that 
family did not have sufficient physical activity data for any of the periods. In that 
case, the child with the valid accelerometry data was included.
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Data analysis
All data were analysed using Stata 12.0. Demographic characteristics and 
physical activity levels of the total sample of mothers and children were identified 
using descriptive statistics. Linear regression analyses were conducted to examine 
differences in physical activity and accelerometer wear time between participants
who were included in the study compared to those who were excluded from the 
study for each period of the day as well as differences in physical activity levels 
between boys and girls. 
To examine associations between maternal self-reported physical activity 
promoting behaviours and children’s physical activity levels during the morning, 
afternoon and evening a two-level multi-level model was used. To account for the 
fact that some families had two children taking part in the study for this analysis
(see section 7.3.3) the first level of the model in this study was family (n=140
different groups). The second level of the model was the recruitment method (e.g. 
playgroup, swimming pool or primary school) from which the sample was 
obtained (n=43 different groups). Multi-level models have been identified as an 
effective way to analyse nested data that is non-independent of one another 
(Twisk 2006). The multi-level model analyses controlled for accelerometer wear 
time (minimally adjusted model- Model A) and for accelerometer wear time, 
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maternal education and the age the child began walking (fully adjusted model 
controlled for known covariates of young children’s physical activity- Model B).
To examine the association between objectively-assessed maternal and child 
physical activity during the morning, afternoon and evening, linear regression 
analyses were used. Mothers’ LPA and MVPA were both included in the model 
as independent variables with child’s LPA, MVPA and LMVPA as three separate
outcome variables. These analyses were also adjusted for clustering by 
recruitment group, and mothers’ and children’s accelerometer wear time (Model 
A), and for clustering by recruitment group, mothers’ and children’s 
accelerometer wear time, maternal education and the age the child began walking 
(Model B).
7.5 Results
7.5.1 Descriptive characteristics
A total of 163 mother-child pairs were recruited for this study. Despite consenting 
to take part in the study, 16 children did not have any questionnaire or physical 
activity data. A further eight children did not have valid accelerometry data for 
any period. This left a final sample of 139 participants for inclusion in any of the 
analyses examining associations between maternal self-reported physical activity 
promoting behaviours and children’s physical activity levels (morning, afternoon 
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or evening). A further six participants did not have sufficient accelerometry data 
for the morning period, ten participants did not have sufficient accelerometry data 
for the afternoon period and five participants did not have sufficient 
accelerometry data for the evening period. These participants were subsequently 
removed from the relevant period analyses but included in all other analyses. This 
resulted in a total of 133 participants for analysis in the morning period, 129 
participants for analysis in the afternoon period and 134 participants for analysis 
in the evening period (Table 7.2). No differences in LMVPA or wear time was 
observed for the morning, afternoon or evening period between those participants 
who were include in one or two period analyses compared to those who were 
included in all three sets of analyses. 
Due to some children participating from the same family, a further 19 children 
were excluded when examining associations between maternal and child physical 
activity, leaving a maximum sample of 120 unique mother-child pairs. A further 
five mothers did not have sufficient data for any period, leaving a sample of 115 
mother-child pairs for inclusion in any period analyses examining associations 
between mother and child objectively assessed physical activity. Consistent with 
the children’s data, sample size was maximised for each period analyses. Table 
7.2 outlines the number of participants included in the analyses for each period.
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Table 7.2 Number of participants included in each analysis
Analysis N
Maternal self-reported physical activity promoting 
behaviours and children’s physical activity levels
Morning 133
Afternoon 129
Evening 134
Maternal objectively assessed physical activity and 
children’s physical activity levels
Morning 109
Afternoon 108
Evening 112
Demographic characteristics of the children who provided at least one period of 
accelerometry data and their mothers are included in Table 7.3. On average, 
children were 2.7 (0.85) years old and 64% were male. Mothers had a mean age 
of 35.6 (4.9) years and nearly 80% were tertiary educated.
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Table 7.3 Demographic characteristics of participants in the Mother and 
Child Physical Activity (MACPAC) Study 
Participant characteristic
Child characteristics (n=139)
Child sex: (% Male) 64.0
Child age (years): mean (SD) 2.7 (0.85)
Age child began walking (months): mean (SD) 13.1 (2.4)
Mother characteristics (n=115)
Age (years): mean (SD) 35.6 (4.9)
Currently pregnant (% Yes) 11.3%
Education (%)
/RZVHFRQGDU\VFKRRO 8.9%
Medium (trade or certificate qualification) 13.3%
High (university degree or higher) 77.9%
Mother Body Mass Index classificationa
Underweight (<18.5 kg/m2) 2.0%
Healthy weight (18.5 - <25.0 kg/m2) 60.0%
2YHUZHLJKWNJP2) 24.5%
2EHVHNJP2) 13.7%
aMothers currently pregnant at the time of data collection (n=13) were excluded from 
these analyses
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7.5.2 Prevalence of children’s physical activity
Whole day and morning, afternoon and evening LPA and MVPA of children in 
the study are presented in Table 7.4. All children in the study met the current 
physical activity guidelines of 180 minutes LMVPA on an average day and 77.5% 
met the physical activity guidelines on all days assessed. The proportion of time 
spent in LPA and MVPA was similar for the morning, afternoon and evening 
periods. Approximately two-thirds (66.4%) of mothers reported that the morning 
period was the easiest time for their children to be active.
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Table 7.4 Boys’ and girls’ LPA and MVPA during the morning, afternoon 
and eveninga
Period Total sample Boys Girls
Proportion of 
period (Mean 
SD)
Mean (SD) 
minutes/day
Mean (SD) 
minutes/day
Mean (SD) 
minutes/day
Whole day (n=138) (n=138) (n=88) (n=50)
LPA 34.8 (4.4) 228.4 (34.8) 227.0 (35.5) 230.9 (33.7)
MVPA 11.4 (3.8) 75.4 (27.3) 79.1 (28.0) 69.0 (25.1)b
LMVPA 46.3 (6.8) 303.8 (53.9) 306.0 (55.7) 300.0 (50.8)
Morning (n=133) (n=133) (n=86) (n=47)
LPA 35.9 (5.0) 68.2 (16.9) 68.0 (18.1) 68.6 (14.7)
MVPA 10.6 (3.4) 20.1 (7.9) 21.3 (8.3) 17.9 (6.7)b
LMVPA 46.4 (6.9) 88.3 (22.4) 89.3 (24.1) 86.4 (19.0)
Afternoon (n=129) (n=129) (n=79) (n=50)
LPA 35.7 (4.8) 90.8 (18.8) 89.5 (18.4) 92.7 (19.5)
MVPA 11.3 (4.0) 28.9 (12.0) 30.5 (12.9) 26.5 (10.0) b
LMVPA 46.9 (7.3) 119.7 (27.9) 120.0 (28.5) 119.2 (27.2)
Evening (n=134) (n=134) (n=84) (n=50)
LPA 35.7 (5.8) 68.2 (18.0) 67.8 (16.1) 68.8 (20.9)
MVPA 13.2 (5.4) 25.2 (12.1) 26.0 (10.8) 23.8 (14.0)
LMVPA 48.9 (8.9) 93.4 (25.9) 93.8 (22.9) 92.6 (30.4)
aLPA and MVPA values may not add up to LMVPA due to rounding
bSignificant difference between groups (p<0.05) after controlling for accelerometer wear 
time
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7.5.3 Prevalence of maternal physical activity facilitating behaviours 
Table 7.5 reports the average daily physical activity accumulated by mothers 
during each period as measured by the accelerometers. The greatest amount of 
time spent in LPA occurred during the evening period while the greatest amount 
of time spent in MVPA occurred during the afternoon period (Table 7.4). 90% of 
mothers’ total daily LPA and 93% of mothers’ total daily MVPA was 
accumulated while children were awake.
Table 7.5 Mean (SD) maternal objectively assessed physical activity during 
the morning, afternoon and evening (mins/day)
Period
Morning Afternoon Evening Whole daya
LPA 64.2 (16.8) 92.0 (20.0) 70.9 (18.1) 251.2 (45.9)
MVPA 10.9 (6.9) 14.9 (7.8) 9.5 (7.2) 37.4 (17.5)
LMVPA 75.1 (20.9) 106.9 (24.6) 80.4 (21.8) 288.5 (56.2)
aMothers’ whole day physical activity consisted of physical activity accumulated over the 
full 24-hour period (rather than based on child wake times). As such mothers’ whole day 
physical activity is slightly lower than the sum of the morning, afternoon and evening 
periods.
The prevalence of participation in each maternal behaviour is outlined in Table 
7.6. There was variability in the length of time reported for each maternal 
behaviour during the week that the participants were monitored. The greatest 
amount of time spent providing opportunities for physical activity and modelling 
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physical activity occurred during the morning hours, co-participating in quiet play 
activities or in physical activities was most prevalent during the afternoon hours 
and co-participating or modelling sedentary behaviour occurred most during the 
evening hours. 
Table 7.6 Time spent in maternal behaviours facilitating or inhibiting 
children’s physical activity
Maternal behaviour
(mins/week)
Morning Afternoon Evening 
Provide opportunities for 
physical activity
480.2 (375.0) 373.5 (405.0) 200.2 (271.1)
Co-participate in sedentary 
behaviour
97.3 (170.4) 77.1 (140.4) 201.3 (211.0)
Co-participate in quiet play 
activities
116.0 (211.6) 133.0 (244.7) 99.8 (202.7)
Co-participate in physical 
activities
88.3 (142.4) 115.3 (162.0) 96.9 (158.6)
Model physical activity 96.1 (199.4) 83.6 (169.2) 45.5 (86.9)
Model sedentary behaviour 126.5 (205.4) 115.5 (138.0) 149.6 (271.8)
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7.5.4 Maternal behaviours and children’s physical activity levels across 
the day
The results from the linear regression analyses examining associations between 
mothers’ and children’s objectively assessed physical activity are presented in 
Table 7.7. Positive associations were observed between mothers’ LPA and 
children’s LPA, MVPA and LMVPA during the morning and evening periods and 
these findings remained after controlling for maternal education and the age the 
child began walking. Mothers’ LPA was positively associated with children’s 
LMVPA during the afternoon period only, after controlling for known covariates 
of young children’s physical activity (Model B). Finally, mothers’ MVPA was 
negatively associated with children’s LPA during the evening period only. No 
other associations were observed between maternal MVPA and children’s 
physical activity for any period. Beta-coefficients for children’s LMVPA during 
each period of the day ranged from 0.21 – 0.48, suggesting that every additional 
one hour of mothers’ LPA, their children engaged in between 12.6 to 28.8 more 
minutes of LMVPA.
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Table 7.7 Associations between objectively assessed maternal physical activity and child physical activity (mins/day) during each 
period of the day
LMVPA LPA MVPA
Model Aa Model Bb Model Aa Model Bb Model Aa Model Bb
Maternal 
physical activity
ȕ&,) ȕCI) ȕCI) ȕCI) ȕCI) ȕCI)
Morning (n= 109)
LPA 0.46 (0.22, 0.72) 0.48 (0.23, 0.74) 0.22 (0.04, 0.41) 0.22 (0.28, 0.40) 0.24 (0.12, 0.36) 0.27 (0.14, 0.39)
MVPA -0.10 (-0.45, 0.26) -0.06 (-0.44, 0.32) -0.04 (-0.33, 0.24) 0.01 (-0.29, 0.31) -0.06 (-0.17, 0.06) -0.07 (-0.21, 0.08)
Afternoon (n= 108)
LPA 0.19 (-0.01, 0.38) 0.21 (0.01, 0.42) 0.11 (-0.16, 0.23) 0.11 (-0.18, 0.23) 0.08 (-0.03, 0.18) 0.10 (-0.01,0.22)
MVPA 0.23 (-0.27, 0.73) 0.24 (-0.36, 0.83) 0.07 (-0.22, 0.37) 0.11 (-0.22, 0.44) 0.16 (-0.13, 0.44) 0.13 (-0.21, 0.46)
Evening (n= 112)
LPA 0.35 (0.14, 0.57) 0.35 (0.13, 0.57) 0.18 (0.03, 0.34) 0.18 (0.02, 0.34) 0.17 (0.05, 0.29) 0.17 (0.05, 0.30)
MVPA -0.48 (-1.01, 0.04) -0.51 (-1.04, 0.01) -0.39 (-0.67, -0.11) -0.40 (-0.66, -0.13) -0.96 (-0.46, 0.27) -0.12 (-0.48, 0.25)
aadjusted for accelerometer wear time
badjusted for accelerometer wear time, maternal education and age the child began walking
Bold results are significant at p<0.05
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The results from the multi-level modelling analyses examining associations 
between self-reported maternal physical activity promoting behaviours and 
children’s physical activity levels are presented in Tables 7.8 – 7.10. In the 
minimally adjusted model, co-participating in sedentary behaviours was 
associated with lower LPA and LMVPA in the morning period, while providing 
opportunities for physical activity was associated with higher LPA and LMVPA
in the afternoon period. Modelling sedentary behaviour was associated with lower 
MVPA in the afternoon period.  No associations were observed for co-
participating in quiet play activities, co-participating in physical activities or 
modelling physical activity. Additionally, no significant associations between 
maternal self-reported behaviours and children’s physical activity were observed 
for the evening period. These findings remained after controlling for the age the 
child began walking and maternal education.
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Table 7.8 Associations between self-reported maternal facilitating behaviours 
and children’s LMVPA (mins/week) during each period of the daya
Model Ab Model Bc
Maternal facilitating behaviour 
(hours/week)
ȕ&I) ȕCI)
Morning (n=133)
Provide opportunities for physical activity 0.31 (-0.06, 0.68) 0.31 (-0.07, 0.69)
Co-participate in sedentary behaviour -0.91 (-1.66, -0.16) -0.88 (-1.69, -0.10)
Co-participate in quiet play activities -0.13 (-0.68, 0.42) -0.12 (-0.68, 0.44)
Co-participate in physical activities -0.36 (-1.22, 0.50) -0.42 (-1.31, 0.47)
Model physical activity 0.32 (-0.45, 1.09) 0.39 (-0.40, 1.19)
Model sedentary behaviour -0.41 (-1.08, 0.26) -0.40 (-1.10, 0.31)
Afternoon (n=129)
Provide opportunities for physical activity 0.61 (0.11, 1.12) 0.62 (0.10, 1.14)
Co-participate in sedentary behaviour -0.62 (-2.05, 0.81) -0.58 (-2.05, 0.89)
Co-participate in quiet play activities -0.70 (-1.39, -0.16) -0.66 (-1.37, 0.04)
Co-participate in physical activities 0.14 (-1.30, 1.58) 0.34 (-1.44, 1.50)
Model physical activity -0.06 (-1.21, 1.08) 0.02 (-1.18, 1.18)
Model sedentary behaviour -1.29 (-2.64, 0.05) -1.27 (-2.69, 0.14)
Evening (n=134)
Provide opportunities for physical activity 0.44 (-0.27, 1.15) 0.48 (-0.25, 1.22)
Co-participate in sedentary behaviour -0.45 (-1.12, 1.03) -0.12 (-1.26, 1.02)
Co-participate in quiet play activities 0.01 (-0.72, 0.73) 0.05 (-0.70, 0.80)
Co-participate in physical activities -0.28 (-1.56, 0.99) -0.34 (-1.64, 0.97)
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Model Ab Model Bc
Maternal facilitating behaviour 
(hours/week)
ȕ&I) ȕCI)
Model physical activity 1.51 (-1.37, 4.39) 1.34 (-1.68, 4.36)
Model sedentary behaviour -0.51 (-1.50, 0.49) -0.48 (-1.53, 0.57)
aAn increase of 1 hour/week in the respective maternal behaviour corresponds to one 
extra minute of LMVPA/week for the child
badjusted for accelerometer wear time
cadjusted for accelerometer wear time, maternal education and age the child began 
walking
Bold results are significant at p<0.05
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Table 7.9 Associations between self-reported maternal facilitating behaviours 
and children’s LPA (mins/week) during each period of the daya
Model Ab Model Bc
Maternal facilitating behaviour 
(hours/week)
ȕ&l) ȕCI)
Morning (n=133)
Provide opportunities for physical activity 0.16 (-0.10, 0.42) 0.19 (-0.07, 0.46)
Co-participate in sedentary behaviour -0.73 (-1.27, -0.20) -0.63 (-1.19, -0.08)
Co-participate in quiet play activities 0.02 (-0.38, 0.41) -0.01 (-0.41, 0.39)
Co-participate in physical activities -0.05 (-0.68, 0.58) -0.14 (-0.77, 0.49)
Model physical activity 0.42 (-0.12, 0.96) 0.46 (-0.09, 1.01)
Model sedentary behaviour -0.25 (-0.73, 0.24) -0.31 (-0.81, 0.18)
Afternoon (n=129)
Provide opportunities for physical activity 0.43 (0.09, 0.76) 0.42 (0.07, 0.77)
Co-participate in sedentary behaviour -0.94 (-1.91, 0.02) -0.86 (-1.84, 0.13)
Co-participate in quiet play activities -0.28 (-0.77, 0.20) -0.24 (-0.73, 0.26)
Co-participate in physical activities -0.32 (-1.30, 0.65) -0.35 (-1.35, 0.64)
Model physical activity 0.30 (-0.48, 1.07) 0.32 (-0.47, 1.12)
Model sedentary behaviour -0.22 (-1.14, 0.69) -0.27 (-1.22, 0.68)
Evening (n=134)
Provide opportunities for physical activity 0.12 (-0.32, 0.57) -0.20 (-0.25, 0.66)
Co-participate in sedentary behaviour -0.21 (-0.89, 0.47) -0.28 (-0.98, 0.42)
Co-participate in quiet play activities 0.06 (-0.38, 0.50) 0.07 (-0.37, 0.52)
Co-participate in physical activities 0.15 (-0.64, 0.95) 0.10 (-0.70, 0.91)
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Model Ab Model Bc
Maternal facilitating behaviour 
(hours/week)
ȕ&l) ȕCI)
Model physical activity 0.79 (-1.04, 2.61) 0.60 (-1.26, 2.47)
Model sedentary behaviour -0.11 (-0.74, 0.52) -0.11 (-0.75, 0.54)
a An increase of 1 hour/week in the respective maternal behaviour corresponds to one 
extra minute of LPA/week for the child
badjusted for accelerometer wear time
cadjusted for accelerometer wear time, maternal education and age the child began 
walking
Bold results are significant at p<0.05
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Table 7.10 Associations between self-reported maternal facilitating behaviours 
and children’s MVPA (mins/week) during each period of the daya
Model Ab Model Bc
Maternal facilitating behaviour 
(hours/week)
ȕCI) ȕ&,)
Morning (n=133)
Provide opportunities for physical activity 0.14 (-0.52, 0.33) -0.12 (-0.73, 0.32)
Co-participate in sedentary behaviour -0.19 (-0.62, 0.24) -0.28 (-0.74, 0.17)
Co-participate in quiet play activities -0.09 (-0.42, 0.24) -0.77 (-0.40, 0.25)
Co-participate in physical activities -0.30 (-0.84, 0.24) -0.29 (-0.83, 0.26)
Model physical activity -0.05 (-0.46, 0.35) -0.04 (-0.45, 0.38)
Model sedentary behaviour -0.08 (-0.48, 0.32) -0.03 (-0.43, 0.38)
Afternoon (n=129)
Provide opportunities for physical activity 0.17 (-0.12, 0.46) 0.18 (-0.12, 0.48)
Co-participate in sedentary behaviour 0.18 (-0.65, 1.01) 0.16 (-0.69, 1.01)
Co-participate in quiet play activities -0.38 (-0.80, 0.05) -0.37 (-0.81, 0.06)
Co-participate in physical activities 0.49 (-0.35, 1.33) 0.43 (-0.43, 1.29)
Model physical activity -0.36 (-1.02, 0.31) -0.35 (-1.03, 0.34)
Model sedentary behaviour -0.97 (-1.76, -0.18) -0.97 (-1.80, -0.16)
Evening (n=134)
Provide opportunities for physical activity 0.36 (-0.06, 0.79) -0.28 (-0.16, 0.73)
Co-participate in sedentary behaviour -0.27 (-0.96, 0.41) -0.23 (-0.97, 0.51)
Co-participate in quiet play activities -0.03 (-0.60, 0.55) 0.04 (-0.55, 0.63)
Co-participate in physical activities -0.13 (-0.97, 0.71) -0.21 (-1.07, 0.65)
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Model Ab Model Bc
Maternal facilitating behaviour 
(hours/week)
ȕCI) ȕ&,)
Model physical activity -0.10 (-1.77, 1.97) 0.18 (-1.77, 2.14)
Model sedentary behaviour -0.21 (-0.87, 0.45) -0.18 (-0.86, 0.50)
a An increase of 1 hour/week in the respective maternal behaviour corresponds to one 
extra minute of MVPA/week for the child
badjusted for accelerometer wear time
cadjusted for accelerometer wear time, maternal education and age the child began 
walking
Bold results are significant at p<0.05
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7.6 Discussion
This chapter examined the associations between maternal physical activity 
promoting behaviours and young children’s physical activity levels across 
different periods of the day. Using both subjective and objective predictor 
measures, this study enhanced our understanding of maternal influences on
different intensities of young children’s physical activity. The information 
obtained from this study will be useful to inform the development of evidence-
based intervention strategies for families with young children in the community. 
7.6.1 Children’s physical activity
Across the whole day, children’s mean physical activity levels observed in this 
study were higher than that observed in Chapter 4 of this thesis. It is not clear why 
this might have been the case. It is possible that mothers taking part in a study 
specifically examining physical activity behaviours may have been more inclined 
to encourage physical activity in their children than those in the Melbourne 
InFANT Program who were taking part in a more generic health intervention.
Alternatively, the children in the Melbourne InFANT Program were first-born 
children, however the majority of the MACPAC sample (73%) had siblings. As 
siblings have been identified as a correlate of older children’s physical activity 
levels (Bagley, Salmon & Crawford 2006), it is possible that this may partially 
explain the higher physical activity level in the MACPAC sample as well. Finally, 
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the mean age of children in the Melbourne InFANT Program was 19 months, 
while the mean age in the MACPAC study was 2.7 years. Although no research 
has assessed physical activity changes over this period using accelerometry, it is 
possible that with increasing age, children had more advanced motor development
which resulted in higher physical activity levels captured by the accelerometer.
Comparing this data to other studies on preschool aged children internationally is 
challenging because the cut-points used to determine activity levels has a strong 
impact on the prevalence estimates observed in preschool aged children (Hnatiuk 
et al. 2014). However, for those studies that reported prevalence estimates using 
the Pate cut-points (Pate et al. 2006), which are similar to those used in this thesis 
(Trost et al. 2011), the mean LPA and MVPA of children in the MACPAC study 
was comparable or higher than most (Obeid et al. 2011; Pfeiffer et al. 2009; Vale 
2010; Williams et al. 2008) but not all (Gunter et al. 2012) studies. This was the 
case when physical activity was reported as minutes of physical activity per day 
(Obeid et al. 2011; Pfeiffer et al. 2009; Vale 2010) and proportion of the day 
(Williams et al. 2008). It should be noted, however, that total physical activity 
levels captured in minutes/day is sensitive to the length of time the child wore the 
accelerometer. Thus, if children in these other studies wore the monitor for a 
shorter period they would have had less opportunity to record physical activity 
data than a child who wore the monitor for a longer duration. The reporting of 
proportion of time spent physically active overcomes this limitation.
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Only one other study has examined physical activity levels of children segmented 
by morning, afternoon and evening periods (Hesketh et al. 2014a). That study
utilised ActiHeart monitors to assess physical activity in 4 year old children 
continuously for seven days. The activity levels of children in that study were 
higher in each of the three periods than those observed in the MACPAC study. As 
children were on average, two years younger in the MACPAC study compared to 
the British study above, it is possible that some of the differences observed 
between studies may be due to different physical activity and napping patterns of 
2 year olds compared to 4 year olds; nearly all 2 year olds nap while only a small 
proportion of 4 year olds still do so (Iglowstein et al. 2003). Additionally, the 
ActiHeart monitors used in the study by Hesketh and colleagues (2014a) were 
worn continuously, which would result in greater total daily wear time compared 
to that in the MACPAC study, and potentially capture more physical activity 
across the day. Given young children’s physical activity assessment is a growing 
research area, future methodological work into fully understanding physical 
activity behaviours across changing sleep and wake times is warranted. Currently, 
the assessment of physical activity as a proportion of waking hours is desired in 
this population group.
This study also examined sex differences in physical activity in different periods
of the day. Boys engaged in more MVPA than girls during the morning and 
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afternoon periods, as well throughout the entire day which is consistent with 
previous literature conducted with 3-5 year old children (Hinkley et al. 2008).
These findings suggest that the overall difference in MVPA observed between 
boys and girls is accumulated throughout the morning and afternoon periods. 
Thus, it may be important for interventions to focus on increasing high-intensity 
physical activity in girls in particular across the day. Similar results have been 
reported in primary school children whereby boys accumulate more MVPA and
girls accumulate more LPA during certain periods of the day (Arundell et al. 
2013). This suggests that sex differences in physical activity are apparent early in 
life and may persist into middle childhood. 
Although mothers reported that it was easiest to promote physical activity during 
the morning period, the children’s accelerometer data suggested that the 
proportion of time spent in physical activity across different periods of the day 
was fairly consistent in the morning and afternoon periods and slightly higher in 
the evening periods in this sample. This could be interpreted as a positive finding 
as it suggests that children are still accumulating similar amounts of physical 
activity during these periods despite the fact that afternoon and evening periods 
are considered a more challenging time to do so. However, given that mothers 
may be less confident at maintaining children’s physical activity during the 
afternoon and evening periods, perhaps strategies to encourage children’s 
physical activity during these times may be particularly beneficial for intervention 
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programs. Additionally, it is possible that the evening period elicited the highest 
proportion of time spent being physically active because these were times that 
children were being active with other family members such as siblings, which has 
been shown to be associated with higher physical activity levels in children 
(Bagley, Salmon & Crawford 2006; van Sluijs et al. 2013). Consideration of 
these, and other, broader factors in future research is warranted.
7.6.2 Objective and self-reported maternal physical activity promoting
behaviours
On average, the time spent in each self-reported maternal physical activity 
promoting behaviour differed by period of the day. Additionally, the time mothers 
reported spending facilitating physical activity or providing alternative activities 
to physical activity for their child was highly variable between families taking 
part in the current study and likely reflects the individuality of household routines. 
However, given that environmental factors have been shown to impact the types 
of activities that families engages in throughout the day (Dwyer et al. 2008a; 
Hesketh, Hinkley & Campbell 2012b; Hinkley et al. 2011), and the physical 
activity levels of adults (Bauman et al. 2012), it is possible that the observed 
variation in the maternal physical activity behaviours within this sample was 
explained by factors broader than those examined in this study. Consistent with 
the social cognitive theory- family perspective (Taylor, Baranowski & Sallis 
1994) an examination into the interplay between children’s environment and 
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maternal behaviours may need to be further explored in future research on activity 
levels of young children. 
7.6.3 Associations between maternal physical activity facilitating 
behaviours and children’s physical activity across the day
Results from the multilevel model analyses identified that self-reported maternal 
modelling and co-participation in sedentary behaviours were inversely related to 
children’s LMVPA. This suggests that limiting sedentary behaviours of mothers
during the morning and afternoon periods may positively impact on children’s 
physical activity levels. Although it is well established that older children can 
meet physical activity guidelines and be highly sedentary (Biddle, Gorely & 
Stensel 2004), perhaps in the context of young children’s physical activity (where 
LPA contributes to the guidelines), sedentary behaviours undertaken with their 
mother can replace time spent in LPA or MVPA. As establishing favourable 
patterns of physical activity and sedentary behaviour during early childhood is 
important for children’s long term participation in these behaviours (Jones et al. 
2013), providing mothers with alternative activities to engagement in sedentary 
behaviours with their children that may be specifically relevant to the various 
periods (e.g. alternatives to screen time while another child is napping) may be 
useful for optimising both physical activity and sedentary behaviour in young 
children.
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It is also important to note that the correlates of children’s physical activity in this 
study were intensity-specific. That is, certain correlates were associated with LPA 
and others were associated with MVPA. As the investigation of intensity-specific 
correlates has only been conducted in one other known study to date (van Sluijs et 
al. 2013), the current study provides further evidence that correlates future 
research may need to adopt an intensity specific approach when examining the 
correlates of physical activity in children under age five. Furthermore, when using 
this information to develop intervention programs for families, researchers may 
need to consider devising different strategies to impact on young children’s LPA
compared to MVPA.
The accelerometry data from mothers and children suggested that it is mothers’ 
LPA rather than her MVPA, which is most strongly related to her child’s physical 
activity behaviour. Few studies have used objective measures to assess parents’
and children’s physical activity concurrently and those that have traditionally only 
assessed associations between the same intensity of physical activity for parents 
and children (Hesketh et al. 2014b; Jago et al. 2014; Ruiz et al. 2011). Thus, this 
work builds on previous research in the field and highlights that examining 
different intensities of mothers’ physical activity may be relevant to 
understanding its relationship with child physical activity. Perhaps physical 
activity of a moderate- to vigorous-intensity for an adult would be too intense for 
a young child to keep up. Thus, it is more realistic for mothers to engage in LPA 
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when with her child and perhaps, this should be the focus of interventions aiming 
to increase young children’s’ physical activity.
However, although adult MVPA may be too intense for a young child, it is well-
established that engagement in sufficient MVPA is important for mothers’ own 
health (DoHA 2014). While this study observed a negative association between 
maternal MVPA and children’s LPA in the evening period, maternal MVPA 
should not be dismissed as unimportant. Rather, devising effective strategies for 
families that balance optimal physical activity engagement for both the child and 
mother may be particularly desirable. Given that mothers in this sample 
accumulated the majority of their physical activity while their children were 
awake, acquiring this balance may be an exceptionally relevant and crucial task.
It was also observed in this study that the majority of significant associations 
between maternal and child objectively assessed physical activity occurred during 
the morning and evening periods rather than the afternoon period. There are a 
number of reasons why this may have occurred. It is possible that during the 
afternoon period children are engaged in other behaviours, such as eating and/or 
settling for a nap which may be quite different to their mothers’ behaviours during 
that time. Although this study attempted to control for nap times by requiring a 
50% wear time criteria for each period, it is possible that this napping behaviour
may have played a role in children’s physical activity levels prior to and 
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following the nap. Additionally, findings from the self-reported physical activity 
data suggested that maternal provision of opportunities for physical activity was 
associated with higher physical activity amongst children during the afternoon 
period. Thus, the afternoon period may be a time when mothers set out activities 
for their children rather than engage with them directly, resulting in a lack of 
association between mothers’ and children’s physical activity.
Although this study identified novel correlates of children’s physical activity, the 
size of the associations between self-reported maternal behaviours and children’s 
physical activity were small (e.g. for every extra two hour of maternal co-
participation in sedentary behaviour during the morning period each week, 
children engaged in 2 minutes less of LMVPA during that same period) and the 
clinical relevance to children’s health could be questioned. However, comparable 
associations have been reported in previous studies examining correlates of young 
children’s physical activity (Hinkley et al. 2012d). Given that this is some of the 
first work conducted in the field targeting this young age, it is likely that 
additional research is needed before any conclusions can be made. For example, 
the small associations observed in this study may have resulted from the way that 
some of the correlates of the self-reported data were measured. The limitations of 
self-reported physical activity are well known (Dollman et al. 2009) and it is 
possible that there is also measurement error in maternal reports of their 
engagement in physical activity promoting behaviours across the week. Although 
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a previous study examined the validity of correlates of preschool children’s 
physical activity using Likert-type scales with parents of preschool children
(McMinn et al. 2009), no data exists on mothers’ ability to accurately recall time 
spent in a variety of behaviours across the day. Thus, these data suggest a trend 
for an influence of maternal behaviours on children’s physical activity but may 
require more research on the validity of these measures when assessed by parent-
report. 
The inclusion of objective measures to assess mothers’ own physical activity 
overcomes the limitations of self-report and, within this sample, demonstrated 
stronger associations with children’s physical activity than the self-reported data. 
For example, for LMVPA, beta coefficients between 0.21 and 0.48 were 
observed, which corresponds to an increase in 12.6 to 28.8 minutes of children’s
LMVPA for each extra hour of mothers’ physical activity. The upper value of this 
range constitutes 16% of the current physical activity guidelines for children 
under age five (DoHA 2008; CSEP 2012; DoH 2011). Given the complexity of 
physical activity behaviour, these findings suggest that mothers’ own physical 
activity behaviour may play an important role in increasing young children’s 
physical activity levels.
Finally, it is important to acknowledge that one of the sedentary behaviours 
assessed in this study (reading books with the child) is an important component of 
 
 
249 
 
children’s development (Council on Early Childhood 2014). This question was 
included to capture a broad range of sedentary activities that young children 
would engage in with mothers throughout the day; however, it does not suggest 
that physical activity should replace time spent reading together. Rather, by 
compiling evidence on different behaviours that mothers and children engage in 
across the day, insight into key opportunities to promote physical activity across 
the day within this population group can be achieved. Additionally, due to the 
cross sectional nature of the data, no causal relationships between mothers’ and 
young children’s physical activity can be determined. Although it has been 
hypothesized in this chapter that higher maternal objectively assessed physical 
activity is responsible for higher physical activity amongst young children, it is 
possible that the reverse is true. That is, more active children elicit their mothers 
to engage in higher levels of light-intensity physical activity. Future research 
should examine longitudinal relationships of maternal-child physical activity
within families. 
7.7 Strengths and limitations
The strengths of this study were its use of objective measures to assess mothers’ 
and children’s physical activity, the breadth of self-reported maternal behaviours 
assessed, the requirement for children and mothers to be together during the 
majority of assessment days, the concurrent collection of questionnaire and 
accelerometry data and the period-intensity specific approach to examining 
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correlates of physical activity described above. The MACPAC study also applied 
stringent methodological criteria to ensuring that sleep time was appropriately 
captured in the morning, afternoon and evening periods, while maximizing 
overall sample size. However, it must be acknowledged that the final sample was 
small, particularly for the matched mother/child data, mothers were highly 
educated, the majority of children met current physical activity guidelines on 
every day assessed and most mothers were not working outside the home or were 
working part-time. Thus, these findings may not be more broadly generalizable. 
7.8 Conclusion
The Mother and Child Physical Activity (MACPAC) Study found associations 
between a number of self-reported and objectively assessed maternal behaviours 
and children’s physical activity. These associations differed by intensity of 
physical activity examined and period of the day and were stronger for 
objectively assessed data. Given these findings, future intervention programs 
aiming to positively impact on children’s physical activity levels may consider 
developing strategies that aim to address some of the intensity-specific correlates 
identified in this study. For example, incorporating strategies to reduce mother-
child co-participation in sedentary behaviour, increase mothers’ provision of 
opportunities to be active and increase mothers’ own light-intensity physical 
activity levels may be effective at increasing young children’s physical activity 
levels. As many of the correlates assessed in this study were not associated with 
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children’s physical activity levels, future research should explore additional social 
and environmental correlates of physical activity in children under age three 
across the day. 
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Chapter 8: Discussion of 
thesis findings
8.1 Overview and novelty of thesis findings
Early childhood is a period of rapid physical, social and emotional development
and a time when physical activity behaviours are just developing. Thus, it has 
been highlighted as a key period for the promotion of optimal levels of physical 
activity (DoHA 2008; CSEP 2012; DoH 2011). This is particularly relevant in 
light of recent research which suggests that by early primary school, 65-70% of 
children do not meet current physical activity guidelines (ABS 2011-2012) and 
that physical activity declines further as children grow up (ABS 2011-2012; 
Biddle, Gorely & Stensel 2004). Thus, establishing optimal physical activity 
levels in early childhood may be desirable for favourable short and long-term 
health and development in children.
Despite the importance of this early childhood period, very little research to date 
has been conducted on young children’s physical activity, particularly in children 
three years of age and younger. Only one study has examined correlates of 
physical activity amongst two-year old toddlers, and that study was published 
after the commencement of this thesis. This lack of understanding of influences 
on young children’s physical activity limits the ability of researchers and 
 
 
253 
 
practitioners to design and implement programs to promote physical activity in 
this age group. 
This thesis enhanced the current evidence base relating to young children’s 
physical activity by offering novel insight into physical activity prevalence and 
patterns during the early childhood period and investigating correlates and 
predictors of children’s physical activity levels within the home environment. The 
first study of this thesis (Chapter 4) investigated the physical activity levels and 
patterns of 19-month old toddlers; the first study to objectively assess this 
behaviour in this age group internationally. A very high proportion of children 
were meeting the current physical activity guidelines on an average day (90%)
with considerably fewer (42%) meeting them on every day assessed. This 
highlighted the discrepancy between assessing physical activity on an average day 
compared to every day, which has been acknowledged in older cohorts previously
(Olds et al. 2007), but not in such a young sample. This study also examined
patterns of physical activity in 19 month old children and identified that the 
highest physical activity levels observed occurred mid-morning and mid-
afternoon and that physical activity patterns differed by sex of the child and 
maternal employment status. This evidence provides insight into the fact that 
physical activity is accumulated differently across the day in young children and 
may vary depending on demographic or situational factors. 
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Chapter 4 also contributed to the evidence on assessment of young children’s 
physical activity with a strong methodological component regarding the number 
of days of monitoring needed to reliability estimate toddlers’ physical activity. It 
was identified that at least 4 valid days (7.4 hours) of monitoring was necessary to 
elicit reliability of at least 70% for LPA, MVPA and CPM. Given toddlers are
napping for longer periods of the day compared to preschool children (Iglowstein 
et al. 2003), these methods will have application for other researchers 
investigating the rapidly expanding field of toddlers’ physical activity. 
Chapter 5 examined early childhood predictors at 4 and 9 months of age of 
toddlers’ physical activity levels at 19 months of age. This study was the first to 
examine a range of factors from the first year of a child’s life (maternal beliefs, 
maternal behaviours, child behaviours and the home environment) on children’s 
later physical activity levels. This study identified one factor (the time spent with 
other babies of a similar age) that was significantly associated with young 
children’s physical activity levels, highlighting the complexity of identifying
predictors of children’s physical activity within the early childhood period.
Chapter 6 utilised a longitudinal approach to determine changes in maternal 
beliefs over 15 months and the association between changes in beliefs and 
children’s physical activity levels. Although changes in beliefs were observed 
amongst mothers, with the majority moving in a downward direction, this change 
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in beliefs did not appear to be associated with children’s objectively assessed 
physical activity levels. Thus, this research highlights that the changes in maternal 
beliefs observed could be a reflection of more ‘realistic’ beliefs of young 
children’s physical activity as their children become increasingly mobile and may 
not impact children’s physical activity behaviour until those beliefs translate into 
a change in maternal behaviour (e.g. providing additional opportunities for young 
children to engage in physical activity).
Chapter 7, The MACPAC study, built on the findings from the first three studies 
by investigating self-reported and objectively assessed maternal physical activity 
behaviours and children’s physical activity levels across the day. This purpose-
designed study applied a unique approach to examining correlates of physical 
activity levels in young children. The findings from this study highlighted that 
certain maternal behaviours may play a role in shaping children’s physical 
activity levels and that these associations may differ depending on the period of 
the day and intensity of physical activity. It also highlighted that mothers’ LPA 
may be particularly important for increasing children’s physical activity. 
Although the associations between maternal behaviours and children’s physical 
activity were small (in this study as well as in Chapter 5), it is possible that with 
greater exposure to some of these maternal behaviours supporting or discouraging 
physical activity over time, stronger associations with children’s physical activity
may be observed as children grow up.
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Taken together, the findings from this thesis suggest that young children are an 
important target group for physical activity promotion interventions, given the 
current compliance with physical activity guidelines on each day of the week and 
lower proportion of time spent in MVPA in some samples. In particular, the 
importance of engaging in sufficient physical activity on each day of the week 
and the incorporation of high-intensity physical activities, particularly for girls, 
may be important public health messages for those working with young children.  
A major focus of this thesis was the influence of mothers on young children’s 
physical activity levels. Overall, it appears that mothers do play an important role 
in facilitating their young child’s physical activity and should remain a focus of
intervention strategies. However, when examining maternal correlates of young 
children’s physical activity, it may be most useful to focus on maternal
behaviours (e.g. things they do with or for their child or their own physical 
activity levels) rather than maternal beliefs alone. Additionally, the incorporation 
of objective measures to assess maternal behaviours where possible and the 
examination of correlates in a behaviour-context specific manner may provide
more targeted direction for programs focused on mothers.
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Although young children are an important target group for physical activity 
promotion interventions, a number of challenges associated with investigation of 
young children’s physical activity exist, and many of these challenges are unique 
to this population group. The key challenges experienced throughout the course of 
this thesis are described and discussed in turn below in order to provide insight 
for those conducting similar research with young children and their families.
8.2 Challenges when investigating physical activity in young 
children
There is currently considerable debate regarding the most appropriate 
methodology to assess young children’s physical activity, most notably the use of 
accelerometer cut-points (Bornstein et al. 2011; Hnatiuk et al. 2014). Previous 
research has demonstrated that the use of different cut-points on the same dataset 
in preschool aged children can yield different physical activity estimates (Beets et 
al. 2011). The cut-points utilised in this study (Trost et al. 2011) were the only 
ones validated in the toddler population when the candidate’s PhD commenced. 
However, there are now published cut-points to distinguish sedentary time from 
LMVPA in 2-3 year olds (Costa et al. 2013a). It should be acknowledged that the
use of different accelerometer cut-points (e.g. those validated in the preschool 
population) would have resulted in different prevalence estimates (and potentially 
different outcomes) in this thesis. Improving consistency of methodology for 
assessing young children’s physical activity employed in research studies is 
 
 
258 
 
critical for fully understanding physical activity in this population group (Hnatiuk 
et al. 2014).
In addition to accelerometry cut-points, our understanding the use of 
accelerometers to assess physical activity in young children is not presently well 
understood. For example, as discussed in section 2.5.4, accelerometers capture 
movement by a piezoelectric sensor. Although these tools have been validated in 
laboratory settings (Pate et al. 2006) it is not clear how this translates to real 
world settings. For example, it is very likely that young children would be carried 
throughout the day by parents or caregivers. If the piezoelectric sensor in the 
accelerometer picks up the movement of the parent/caregiver, it would appear that 
the child is doing physical activity when in fact he or she is not. At present, no 
studies have investigated these factors which are unique to young children. 
However, if accelerometers do regularly pick up movement from a parent or 
caregiver, it is possible that the estimates of physical activity observed in this 
thesis may be overestimated.
As discussed previously in Chapters 4 and 7, the majority of children under age 
three are still napping throughout the day. Although attempts were made in this 
thesis to minimise the recording of daytime sleep through: a) requests for parents 
to take the accelerometers off children; and b) the requirement of 50% wear time 
criteria to be included in analyses, it is possible that some daytime bed wear was 
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captured as sedentary time. On a similar note, it is currently unclear how napping 
may affect young children’s physical activity levels across the day. Investigating 
patterns of physical activity in relation to child sleep patterns may be an 
interesting area for future research. 
Although highly desirable for our understanding of physical activity behaviour, 
the objective assessment of concurrent maternal and child physical activity is not 
without challenges. Firstly, the matching of physical activity data can be difficult 
depending on participant compliance in the sample group. For example, although 
mothers and children may wear the accelerometers concurrently for seven days, 
within those seven days there may be several days of insufficient data to be 
considered a valid day for either mothers or their children. Thus, although there 
may be a sufficient number of days available for mothers and children, these days 
may not match directly. It is currently unknown how the inclusion of different 
days of the week (albeit all still valid days) affects our understanding of maternal-
child physical activity levels. 
The examination of maternal beliefs and behaviours around their child’s physical 
activity proved challenging during particularly the rapid stages of child 
development of the population examined in this thesis. Within the first year of 
life, children’s physical development increases considerably, with children 
progressing from being largely immobile to being able to walk independently 
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(Haywood 2009). Thus, when assessing maternal beliefs and behaviours as 
predictors of children’s physical activity levels (Chapter 6), the questions posed 
when the child was an infant were around maternal expectations for promoting 
their child’s physical activity levels rather than assessing current beliefs or 
behaviours that mothers engaged in. Thus it’s not always possible to examine 
‘true’ changes in these beliefs and behaviours over time because mothers are
responding to slightly different questions at each time point. Although this limits 
the ability to assess tracking of maternal beliefs and behaviours at times, it 
recognises the diverse changes that occur within this life stage and may provide 
insight into the most effective times to intervene.
Finally, within the research conducted for this thesis, it was observed that the 
majority of new parents have quite favourable beliefs towards promoting their 
child’s physical activity behaviours. This is consistent with previous research on 
health behaviours in children under age two and may reflect general parenting 
optimism at this young age (Campbell et al. 2010). It may also be a result of 
mothers believing that children are naturally active (Hesketh, Hinkley & 
Campbell 2012b). Regardless, the ceiling effects observed for these variables at 
baseline made it difficult to detect any additional increases in beliefs or to
distinguish whether decreases in beliefs observed over time are unfavourable or 
simply reflect development of a more ‘realistic’ view amongst mothers.
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8.3 Strengths and limitations of this thesis
The major strength of this thesis was the consistent use of objective measures and 
stringent wear time criteria to assess physical activity in young children. The 
methodology employed in this study was internationally unique and can be used 
by other researchers conducting work in this area. Furthermore, the use of cross-
sectional and longitudinal analyses provided an in-depth examination of 
influences on young children’s physical activity during different periods of the 
day. 
Within the MACPAC sample, mothers were required to be with their children at 
least 4/7 days assessed to maximise the opportunity for concurrent physical 
activity assessment. Although this limits the population who could take part in the 
study, within the Australian population, only about 19% of mothers of 3 year old 
children are employed full time (Baxter 2013). Thus, at the present time, the 
inclusion criterion does not seem to exclude a large proportion of families in 
Australia. 
However, the samples from which the data were drawn comprised of mostly 
highly educated mothers who were more compliant with physical activity 
guidelines than the Australian population, and, within the Melbourne InFANT
Program sample were all first-time mothers (though this latter limitation was 
overcome by recruiting a new sample group in the MACPAC study). Thus, the 
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research findings may not be broadly generalizable. More research is needed to 
investigate correlates of physical activity in lower socio-economic groups and 
ethnically diverse populations to see if these same factors remain associated with 
children’s physical activity or if other/additional factors emerge. 
Furthermore, this study only examined the home environment influences on 
young children’s physical activity. However, from a behavioural epidemiology 
perspective, and consistent with the social-cognitive theory- family perspective, it
will also be important for future research to examine how broader social and 
environmental factors play a role in young children’s physical activity 
behaviours; in particular, the influence of fathers on young children’s physical 
activity levels. This thesis focused solely on mothers for enhanced scientific 
rigour as the influences of fathers have been shown to be different to that of 
mothers (Cleland et al. 2011). However, it must be acknowledged that fathers 
play an important role in supporting their child’s physical activity behaviour as 
well, as previous interventions solely targeting fathers have increased physical 
activity levels in primary school children (Morgan et al. 2011). Although mothers 
still spend the greatest proportion of time with young children in Australia
(Baxter, Gray & Hayes 2007), understanding the influence of both parents (in 
two-parent families) on children’s physical activity is likely to result in the most 
favourable outcomes for young children (Moore et al. 1991).
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8.4 Opportunities and implications for future research
The findings from this thesis have identified key opportunities for future research 
in this field. These opportunities, and their implications for researchers and 
practitioners, are discussed below.
It was identified in Chapters 4 and 7 that a relatively large proportion of children 
in the Melbourne InFANT Program and the MACPAC study met current physical 
activity guidelines. Although this is possibly due to the samples, which, largely 
consisted of mothers who were well educated and engaged in more physical 
activity compared to the general population, other studies in lower SES 
populations have observed similar findings (Hesketh et al. 2014a). While it’s 
critical that efforts are made to increase physical activity in those children not 
meeting guidelines in early childhood, it may also be valuable to focus on trying 
to maintain or minimise the decline in physical activity levels of young children 
into middle childhood for the large proportion of young children who are 
currently meeting or exceeding physical activity guidelines. For example, in 
reporting the effectiveness of interventions, researchers may want to consider the 
rate of decline in physical activity between intervention and control groups over 
the early childhood period. If differences in physical activity are observed at 
intervention conclusion, they may also wish to examine if this higher level of 
physical activity in early childhood results in slower declines of physical activity 
over time. 
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This thesis was one of the first to examine the prevalence and correlates of young 
children’s physical activity across different periods of the day. The findings from 
this study highlighted that physical activity patterns differ throughout the day and 
the correlates of children’s physical activity during these different times may 
vary. Although this research used times of the day to describe different periods, 
perhaps using context-specific periods relevant to young children (e.g. before 
breakfast, prior to nap, etc.) similar to older children (e.g. before school, after 
school) may provide more practical guidance for public health practitioners. 
Furthermore, investigation into how physical activity is accumulated in young 
children during these periods is warranted. For example, a recent study conducted 
in the preschool setting found that during the transition to outdoors, children 
engaged in higher levels of physical activity initially, gradually declining with the
duration that they were outdoors (Pate et al. 2013a). Similarly, a different study 
found that children accumulate their MVPA in four different bout types (Ruiz et 
al. 2013). Investigating relevant periods of the day, correlates of children’s 
physical activity during these periods as well as how children accumulate their 
physical activity will assist with our understanding of when and how to most 
effectively develop programs for young children to increase their physical activity 
levels across the day. 
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On a similar note, the findings from Chapter 7 of this thesis highlighted the 
importance of examining the correlates of LPA and MVPA separately, as it was 
identified that the correlates of LPA were different to those of MVPA. Given 
these findings are consistent with the work of others (van Sluijs et al. 2013),
interventions for young children may need to consider the intensity of physical 
activity that is desired when developing programs. Researchers and practitioners 
may then need to tailor the intervention strategies depending on whether they 
want to increase LPA or MVPA, or incorporate a broad range of strategies to 
target both.
The final study of this thesis examined objectively assessed physical activity in 
mothers and children concurrently. It was observed that LPA was most closely 
associated with children’s physical activity levels and that the associations using 
maternal objectively assessed physical activity were stronger than some of the 
self-report measures used.  Thus, moving forward, research should examine 
longitudinal relationships between maternal-child physical activity, specifically 
examining how the strength of the associations may change as children grow up 
as well as the direction of the influence (mothers’ influencing children’s physical 
activity or children influencing mothers’ physical activity). Objective assessments 
of these behaviours should be used when possible.
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Finally, a consistent theme observed throughout this thesis was the considerable
need for more research on understanding physical activity in children under age 
three. While the literature on preschool children’s physical activity is growing 
(albeit still incredibly scarce compared to older children or adults), there remains 
very little published work on infants and toddlers who represent a distinct
population group warranting separate investigation. For example, there are 
currently only a handful of publications (Costa et al. 2013a; Costa et al. 2013b; 
Gubbels et al. 2011; Manios 2006; Trost et al. 2011; Wijtzes et al. 2013; Xu & 
Wen 2012; Xu, Wen & Rissel 2014) that solely report on any aspect of physical 
activity behaviour in the toddler population, including five that examined some 
aspect of the prevalence of physical activity (Gubbels et al. 2011; Manios 2006; 
Wijtzes et al. 2013; Xu & Wen 2012; Xu, Wen & Rissel 2014) and three that 
examined correlates of physical activity (Gubbels et al. 2011; Wijtzes et al. 2013; 
Xu, Wen & Rissel 2014) in this age group specifically. This limits the ability of 
researchers to draw on previous work in this area to inform interventions, public 
health programs and guidelines. Over the coming decades, the opportunity exists 
to examine many aspects of physical activity across the early childhood period 
(Pate et al. 2013b), in order to effectively promote physical activity across the 
lifespan.
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8.5 Conclusion
In conclusion, this PhD thesis aimed to enhance the understanding of young 
children’s physical activity. The findings from this thesis have provided evidence 
and insight into a growing research area which can provide researchers and health 
practitioners with a stronger understanding of how best to positively impact 
young children’s physical activity from birth.
Through four novel studies using two sample groups, an investigation into the 
prevalence, patterns and predictors of children’s physical activity in the early 
childhood period was provided. It was identified that many young children were 
not meeting physical activity recommendations every day and that different 
periods of the day elicit different physical activity behaviours. Although 
identifying correlates of physical activity in this population group remains 
challenging and complex, mothers appeared to play an important role in 
facilitating young children’s physical activity from birth. Thus, mothers may be 
an important target group for interventions aimed at increasing physical activity 
amongst young children. Moving forward, considerable opportunities remain to 
investigate correlates of physical activity within both the family and broader 
environment in this young population. Investigating these correlates in a period 
and intensity-specific manner may provide the most useful guidance for 
researchers and practitioners aiming to optimise young children’s physical 
activity engagement.
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Appendix 2.1
A review of preschool children’s physical activity and 
sedentary time using objective measures 
The full copy of this manuscript has been removed. 
Please see:
Hnatiuk J, Salmon J, Hinkley T, Okely AD, Trost S. (2014) A review 
of preschool children’s physical activity and sedentary time using 
objective measures. American Journal of Preventive Medicine 47(4): 
487- 497.
Appendix 3.1
Melbourne InFANT Program Questionnaire 
(T1- child aged 4-months old)
This questionnaire has been removed. Please contact the 
candidate for more information.
Appendix 3.2
Melbourne InFANT Program Questionnaire 
(T2- child aged 9-months old)
This questionnaire has been removed. Please contact the 
candidate for more information.
Appendix 3.3
Melbourne InFANT Program Questionnaire 
(T3- child aged 19-months old)
This questionnaire has been removed. Please contact the 
candidate for more information.
Appendix 3.4
Physical activity levels and patterns of 19-month 
old children
The full copy of this manuscript has been removed. 
Please see:
Hnatiuk J, Ridgers ND, Salmon J, Campbell K, McCallum Z, Hesketh 
K. (2012). Physical activity levels and patterns of 19 month old 
children. Medicine and Science in Sports and Exercise 44 (9) 1715-
1720.
Appendix 5.1
Early childhood predictors of toddlers’ physical 
activity
The full copy of this manuscript has been removed. 
Please see:
Hnatiuk J, Salmon J, Campbell KJ, Ridgers ND, Hesketh KD. (2013). 
Early childhood predictors of toddlers’ physical activity: longitudinal 
findings from the Melbourne InFANT Program. International Journal 
of Behavioural Nutrition & Physical Activity 10:123.
Appendix 5.2
Results from principal component analysis examining 
maternal belief factors
Principal Component Analysis for T1 maternal beliefs
Factor Question Factor 
Loading
Internal 
reliability1
1 How confident are you that you will 
be able to get your baby to do 
enough active play for health over 
the next year
0.813 0.841
1 How confident are you that you will 
be able to provide your baby with a 
range of active play options over the 
next year
0.795
1 How confident are you that you will 
be able to get your baby to do some 
active play (like walking, dancing, 
playing outside) when s/he wants to 
watch TV over the next year
0.787
1 How confident are you that you will 
be able to keep your baby 
entertained without using 
TV/video/DVDs over the next year
0.714
1 How confident are you that you will 
be able to say ‘no’ to baby’s 
demands/fussing to watch 
TV/video/DVD over the next year
0.633
1 How confident are you that you will 
be able to play with your baby
0.517
2 Babies and toddlers can learn from 
TV, videos and DVDs
0.846 0.869
2 TV is educational for babies and 
toddlers
0.839
2 TV is helpful for a baby’s 
development
0.788
2 Babies and toddlers should be 
allowed to watch TV
0.783
3 I think it will be easy for my baby to 
get plenty of active play time every 
day
0.760 0.634
3 Overall, I think my baby will have 
plenty of opportunities to be active 
enough for healthy growth and 
development
0.746
3 I think I will spend time each day 
playing active games with my baby
0.732
3 I think my baby will spend lots of 
time on the floor every day
0.581
3 I think that my baby will be
naturally active
-0.492
3 I think I will take my baby to the 
park/playground often
0.449
3 I think I will take my baby for a 
walk every day
0.425
Factor Question Factor 
Loading
Internal 
reliability1
4 I think I will use TV to distract my 
baby when s/he is being difficult
0.701 0.785
4 I think I will use TV to keep my 
baby occupied so that I can get 
things done
0.699
4 TV is useful for keeping babies and 
toddlers occupied
0.592
4 I think my baby will watch TV 
every day
0.561
4 Overall, I don’t think the amount of 
TV that my baby watches will affect 
his/her health
0.474
5 I wouldn’t know how to keep my 
baby entertained if I didn’t use the 
TV
0.666 0.717
5 An active baby would be too 
difficult for me to manage
0.623
5 I don’t think I will be able to get my 
baby to eat if I don’t have the TV on 
to distract him/her
0.614
5 I don’t think I will be able to get 
anything done if I don’t use the TV 
to keep my baby entertained
0.586
5 I don’t know what activities and 
games I should play with my baby 
to help his/her development
0.446
5 A placid and inactive baby would be 
easier to look after than an active 
one
0.422
6 Parents need to encourage their 
babies and toddlers to be physically 
active
0.708 0.700
6 Physical activity is important for 
babies’ and toddlers’ health and 
development
0.648
6 Parents need to help and encourage 0.616
babies to explore their environment
6 Babies need some planned 
physically active play everyday
0.546
7 Having a TV in my baby’s bedroom 
will affect how much TV s/he 
watches in the future
0.715 0.729
7 Babies are more likely to enjoy 
sports and active play if they see 
their parents doing them
0.711
7 Babies need help and 
encouragement to be active
0.551
7 The toys and games I give my baby 
to play with will affect his/her 
motor development and activity 
levels in the future
0.489
Factor Question Factor 
Loading
Internal 
reliability1
8 I am concerned that my baby will 
get too tired and fret if I leave 
him/her lying on the floor
0.786 0.647
8 I am concerned that my baby might 
hurt him/herself if I leave him/her 
lying on the floor
0.770
8 I think it’s safer for my baby to be 
kept in a highchair/bouncer/playpen 
than on the floor
0.552
9 The time babies are in places that 
restrict movement should be limited
0.745 0.664
9 I think my baby will spend many 
hours each day in a pusher, 
highchair, bouncer or playpen
0.512
9 Babies need to be physically active 
so that they can develop skills like 
crawling and walking
0.504
9 Babies and toddlers need a safe 
space where they can move freely 
and explore
0.491
10 I think it will be difficult to control 
how much TV my family or others 
allow my baby to watch
0.735 0.516
10 I think I will have the TV on while 
my baby is eating
0.539
11 I think that when s/he is older, my 
baby will watch similar amounts of 
TV to me
0.812 0.600
11 I think that when s/he is older, my 0.683
baby will have similar physical 
activity
12 Babies and toddlers get all the 
activity they need naturally
N/A N/A
1Assessed using Cronbach’s alpha
Appendix 5.3
Five-factor solution from principal axis factoring
Exploratory factor analysis 5-factor solution for maternal beliefs
Factor Question Factor 
Loading
Internal 
Reliability (T1)1
1 How confident are you that you 
will be able to get your baby to 
do enough active play for health 
over the next year
0.844 0.841
1 How confident are you that you 
will be able to provide your
baby with a range of active play 
options over the next year
0.815
1 How confident are you that you 
will be able to get your baby to 
do some active play (like 
walking, dancing, playing 
outside) when s/he wants to 
watch TV over the next year
0.772
1 How confident are you that you 
will be able to keep your baby 
entertained without using 
TV/video/DVDs over the next 
year
0.655
1 How confident are you that you 
will be able to say ‘no’ to your
baby’s demands/fussing to 
watch TV/video/DVD over the 
next year
0.601
1 How confident are you that you 
will be able to play with your
baby over the next year
0.428
2 Babies and toddlers should be 
allowed to watch TV
0.767 0.868
2 TV is educational for babies and 
toddlers
0.766
2 Babies and toddlers can learn 
from TV, videos and DVDs
0.742
2 TV is helpful for a baby’s 
development
0.728
2 I think my baby will watch TV 
every day
0.693
2 I think I will use TV to keep my 
baby occupied so that I can get 
things done
0.637
2 TV is useful for keeping babies 
and toddlers occupied
0.509
2 I think I will use TV to distract 
my baby when s/he is being 
difficult
0.471
2 Overall, I don’t think the amount 
of TV that my baby watches will 
affect his/her health
0.469
Factor Question Factor 
Loading
Internal 
Reliability (T1)1
2 I think I will have the TV on 
while my baby is eating
0.449
2 I don’t think I will be able to get 
anything done if I don’t use the 
TV to keep my baby entertained
0.3902
2 I think my baby will spend many 
hours each day in a pusher, 
highchair, bouncer or playpen
0.3062
2 I think it will be difficult to 
control how much TV my family 
or others allow my baby to 
watch
0.2622
3 Babies need help and 
encouragement to be active
0.660 0.806
3 Parents need to help and 
encourage babies to explore 
their environment
0.607
3 Parents need to encourage their 
babies and toddlers to be 
physically active
0.596
3 Babies and toddlers need a safe 
space where they can move 
freely and explore
0.586
3 Babies need to be physically 
active so that they can develop 
skills like crawling and walking
0.580
3 Babies are more likely to enjoy 
sports and active play if they see 
their parents doing them
0.533
3 Physical activity is important for 
babies’ and toddlers’ health and 
development
0.510
3 The time babies are in places 
that restrict movement should be 
limited
0.500
3 Babies need some planned 
physically active play everyday
0.459
3 The toys and games I give my 
baby to play with will affect 
0.3892
his/her motor development and 
activity levels in the future
3 Having a TV in my baby’s 
bedroom will affect how much 
TV s/he watches in the future
0.3742
4 I think that when s/he is older, 
my baby will have similar 
physical activity levels to my 
own
-0.465 0.681
4 I think that my baby will be 
naturally active
0.435
Factor Question Factor 
Loading
Internal 
Reliability (T1)1
4 Overall, I think my baby will 
have plenty of opportunities to 
be active enough for healthy 
growth and development
-0.3842
4 I think that when s/he is older, 
my baby will watch similar 
amounts of TV to me
-0.3662
4 Babies and toddlers get all the 
activity they need naturally
0.3302
4 I think I will take my baby to the 
park/playground often
-0.2692
5 I think it’s safer for my baby to 
be kept in a 
highchair/bouncer/playpen than 
on the floor
0.590
5 An active baby would be too 
difficult for me to manage
0.559
5 I am concerned that my baby 
might hurt him/herself if I leave 
him/her lying on the floor
0.523
5 I don’t think I will be able to get 
my baby to eat if I don’t have 
the TV on to distract him/her
0.478
5 I am concerned that my baby 
will get too tired and fret if I 
leave him/her lying on the floor
0.462
5 I wouldn’t know how to keep 
my baby entertained if I didn’t 
use the TV
0.3882
5 I don’t know what activities and 
games I should play with my 
baby to help his/her 
0.3822
development
5 A placid and inactive baby 
would be easier to look after 
than an active one
0.3822
5 I think I will spend time each 
day playing active games with 
my baby
0.3672
5 I think it will be easy for my 
baby to get plenty of active play 
time every day
0.3652
5 I think I will take my baby for a 
walk every day
0.3442
5 I think my baby will spend lots 
of time on the floor every day
0.2642
1Assessed using Cronbach’s alpha
2Removed from factor due to small (<0.40) factor loadings and not included in 
internal reliability analyses
Appendix 6.1
Tracking of maternal self-efficacy for limiting young 
children’s television viewing and associations with 
children’s television viewing time 
This manuscript has been removed. Please contact the 
candidate for more information.
Appendix 6.2
Number of mothers in each tertile of maternal beliefs 
at T1 and T2
Number of mothers in each tertile of maternal beliefs regarding children’s current 
behaviour and future behaviour at T1 and T3 (n = 401) 
T3
Top tertile Middle tertile Bottom tertile
T1
Top tertile 60 25 28
Middle tertile 36 44 78
Bottom tertile 13 17 100
Number of mothers in each tertile of maternal beliefs regarding the importance of 
modelling at T1 and T3 (n = 401)
T3
Top tertile Middle tertile Bottom tertile
T1
Top tertile 15 11 5
Middle tertile 29 96 40
Bottom tertile 12 69 124
Number of mothers in each tertile of self-efficacy for promoting physical activity 
and limiting TV viewing at T1 and T3 (n = 401)
T3
Top tertile Middle tertile Bottom tertile
T1
Top tertile 66 34 27
Middle tertile 32 34 42
Bottom tertile 21 38 107
Number of mothers in each tertile of maternal beliefs regarding the practicality of 
television at T1 and T3 (n =401)
 
T3
Top tertile Middle tertile Bottom tertile
T1
Top tertile 122 56 31
Middle tertile 57 46 63
Bottom tertile 4 9 13
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
Date: 
Full Project Title: Mother and Child Physical Activity Study 
Principal Researcher: Dr. Kylie Hesketh 
Student Researcher: Ms. Jill Hnatiuk 
Associate Researcher(s): Prof. Jo Salmon, Dr. Nicola Ridgers 
You are invited to take part in the Mother and Child Physical Activity (MACPAC) Study. The 
detailed information provided here aims to give you a thorough understanding of the procedures 
involved in this research project so that you can make an informed decision of whether or not you 
would like to take part. Please read it carefully and feel free to ask the research team any questions. 
If you agree to take part, you will be asked to sign the Consent Form to indicate that you understand 
what is involved and you give your consent to participate in the project. You will be given a copy of 
the Plain Language Statement and Consent Form to keep. 
What is this study about? 
We want to better understand mothers’ and young children’s physical activity (e.g. active play) and 
sedentary behaviour (e.g. sitting) during the day. Very little is known about how young children 
spend their time and how this might be influenced by how their mothers spend their time. This 
information will be useful to inform public health programs for families. This study has been 
approved by the Deakin University Human Ethics Advisory Group- Faculty of Health. 
What can I expect if I agree to participate? 
If you agree to participate in this project, there are three things we will ask you to do. 
1) Activity monitors:  You and your child will be asked to wear an activity monitor for one week. 
Activity monitors are small, lightweight devices (about the size of a matchbox) that are worn around 
the waist on a belt and measure movement (physical activity) and lack of movement (e.g. sitting). 
They can be worn over or under clothing and we have found that most people barely notice they are 
wearing them. While wearing the monitor we will ask you to record in a booklet, any time during the 
day when you take it off. For example, the device is not waterproof and will need to be removed 
during bathing, showering or any water activities, as well as while sleeping. The accelerometer has a 
long battery life so it does not need to be charged at any time during the study.  Accelerometers are 
routinely used in physical activity and sedentary behaviour research with children as young as 18-
months old. A member of the research team will fit you and your child with an activity monitor at a 
time that is convenient for you. We have requested your mobile phone number so that we can check 
to see if you or your child is having any difficulties wearing the monitor and to help you remember to 
put it on in the mornings. 
2) Survey:  You will be asked to complete an online survey that should take approximately 30 
minutes. This survey will ask about your thoughts on physical activity and sedentary behaviour as 
well as some things that you regularly do with your child. You will also be given the option to fill out 
a briefer, 15-minute survey one week later that asks similar questions. If you begin the survey(s) and 
Plain Language Statement & Consent Form to Mothers  
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do not finish, any data that you have provided up to that point can be used by the research team 
unless you formally withdraw from the study. 
 
3) Height and Weight:  At the same time that you receive your activity monitors a research team 
member will measure the height and weight of you and your child. All measurements will be taken in 
private and will remain completely confidential. 
 
Upon completion you will be provided with a $10 Coles/Myer voucher in appreciation of your time, a 
brief summary of the overall results of the study and information on the physical activity levels of 
you and your child during the study. By taking part in this research study, you will be contributing 
knowledge towards understanding mothers’ and children’s physical activity. There are no 
foreseeable risks to you or your child by participating in this project and participation is completely 
voluntary. If you do not wish to take part you are not obliged to. You can withdraw from the study at 
any time and this will not jeopardize your relationship with Deakin University. 
 
Will anyone see the information I provide?  
All information collected for the study will be kept completely confidential and anonymous. It will be 
stored securely for a period of 5 years at Deakin University and then destroyed. The survey data 
collected online uses a secure online system designed by Deakin University. Any forms with your 
name on it (e.g. consent forms) will be stored in a locked cabinet separately from all other data. Data 
stored on computers will be password protected. The results of the study will contribute towards Jill 
Hnatiuk’s PhD qualification, may be presented at academic conferences and published in academic 
journals, however this will be group data only and you will not be identified at any time.  
 
If you would like to be involved in this project, please complete the attached consent form and 
either email (macpac@deakin.edu.au), fax (03 9244 6017) or post to Ms. Jill Hnatiuk, School of 
Exercise & Nutrition Sciences, Deakin University, 221 Burwood Highway, Burwood, VIC 3128. 
 
Complaints? 
If you have any complaints about any aspect of the project, the way it is being conducted or any 
questions about your rights as a research participant, then you may contact:   
The Manager, Research Integrity, Deakin University, 221 Burwood Highway, Burwood Victoria 3125, 
Telephone: 9251 7129, research-ethics@deakin.edu.au. Please quote project number HEAG-H 
22/2013. 
If you have any questions about the study, require further information or have any concerns at any 
time, please contact any of the researchers below. 
Ms. Jill Hnatiuk 
Student Researcher 
School of Exercise & Nutrition Sciences, Deakin 
University 
221 Burwood Highway, Burwood, VIC 
(03) 9251 7262 
macpac@deakin.edu.au 
Dr. Kylie Hesketh 
Principal Researcher 
School of Exercise & Nutrition Sciences, Deakin 
University 
221 Burwood Highway, Burwood, VIC 
(03) 9244 6812 
kylie.hesketh@deakin.edu.au 
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM  
(Your copy- to keep) 
 
Consent Form 
Date: 
Full Project Title: Mother and Child Physical Activity Study 
Reference Number: 
 
 
I, _____________________________________________________________________________ 
  (please write your full name) 
 
Hereby consent for myself and my child,  
 
_____________________________________________________________________________ 
  (please write your child’s full name) 
 
 
to be part of a human research study to be undertaken by Ms Jill Hnatiuk, Dr. Kylie Hesketh, Prof. Jo Salmon, 
& Dr. Nicky Ridgers. 
 
I acknowledge that: 
 
1. I understand the attached Plain Language Statement. 
2. I freely agree to participate in this project according to the conditions in the Plain Language Statement.  
3. I have been given a copy of the Plain Language Statement and Consent Form to keep.  
4. The researcher has agreed not to reveal my identity and personal details, including where information 
about this project is published, or presented in any public form.   
 
ප  I agree to fill out a second short, 15 minute survey one week after I complete the main study (please tick if 
you agree to this) 
 
 
Signature ……………………………………………………… Date  ………………………… 
 
*****PLEASE FLIP OVER***** 
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In order for us to be able to get in touch with you during the study (for example, to send you the survey via 
email or to arrange a convenient time to visit you), please provide a contact mobile phone number, email 
address and mailing address and indicate the best times to contact you. 
 
Mobile phone number: ________________________ Email address: _____________________________ 
Mailing address: 
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________ 
 
Times I am available to be contacted: (please tick as many as possible) 
Day/time Monday Tuesday Wednesday Thursday Friday 
Early 
morning 
(7am - 9am) 
     
Morning (9 
am – 12 pm) 
     
Afternoon 
(12pm – 5 
pm) 
     
Evening (5 
pm- 7 pm) 
     
 
 
 
Ms Jill Hnatiuk 
Student Researcher 
School of Exercise & Nutrition Sciences, Deakin University 
221 Burwood Highway, Burwood, VIC 3128 
Ph: (03) 9251 7262 
Fax: (03) 9244 6017 
Email: macpac@deakin.edu.au 
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM  
(Deakin copy- to be returned) 
 
Consent Form 
Date: 
Full Project Title: Mother and Child Physical Activity Study 
Reference Number: 
 
 
I, _____________________________________________________________________________ 
  (please write your full name) 
 
Hereby consent for myself and my child,  
 
_____________________________________________________________________________ 
  (please write your child’s full name) 
 
 
to be part of a human research study to be undertaken by Ms Jill Hnatiuk, Dr. Kylie Hesketh, Prof. Jo Salmon, 
& Dr. Nicky Ridgers. 
 
I acknowledge that: 
 
1. I understand the attached Plain Language Statement. 
2. I freely agree to participate in this project according to the conditions in the Plain Language Statement.  
3. I have been given a copy of the Plain Language Statement and Consent Form to keep.  
4. The researcher has agreed not to reveal my identity and personal details, including where information 
about this project is published, or presented in any public form.   
 
ප  I agree to fill out a second short, 15 minute survey one week after I complete the main study (please 
tick if you agree to this) 
 
Signature ……………………………………………………… Date  ………………………… 
 
*****PLEASE FLIP OVER***** 
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In order for us to be able to get in touch with you during the study (for example, to send you the survey via 
email or to arrange a convenient time to visit you), please provide a contact mobile phone number, email 
address and mailing address and indicate the best times to contact you. 
 
Mobile phone number: ________________________ Email address: _____________________________ 
Mailing address: 
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________ 
 
Times I am available to be contacted: (please tick as many as possible) 
Day/time Monday Tuesday Wednesday Thursday Friday 
Early 
morning 
(7am - 9am) 
     
Morning (9 
am – 12 pm) 
     
Afternoon 
(12pm – 5 
pm) 
     
Evening (5 
pm- 7 pm) 
     
 
 
 
Ms Jill Hnatiuk 
Student Researcher 
School of Exercise & Nutrition Sciences, Deakin University 
221 Burwood Highway, Burwood, VIC 3128 
Ph: (03) 9251 7262 
Fax: (03) 9244 6017 
Email: macpac@deakin.edu.au 
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
Withdrawal of Consent Form
(To be used for participants who wish to withdraw from the project) 
Date: 
Full Project Title: Mother and Child Physical Activity Study 
Reference Number: 
 
 
 
I hereby wish to WITHDRAW my consent to participate in the above research project and understand that 
such withdrawal WILL NOT jeopardise my relationship with Deakin University. 
 
 
Participant’s Name (printed) ……………………………………………………. 
 
 
Signature ………………………………………………………………. Date …………………… 
 
 
 
 
Please email, mail or fax this form to: 
 
Ms Jill Hnatiuk 
Student Researcher 
School of Exercise & Nutrition Sciences 
Deakin University 
221 Burwood Highway, Burwood, VIC 3128 
Ph: (03) 9251 7262 
Fax: (03) 9244 6017 
Email: macpac@deakin.edu.au 
 
Appendix 7.2
Playgroup recruitment script for the MACPAC study 
(telephone)
Playgroup leader recruitment script 
Hi ______, 
 
My name is __________ and I am calling from the MACPAC study at Deakin University. I 
got your contact information from the Playgroups Victoria website. I wanted to speak 
with you today about potentially coming out to speak to mothers in {playgroup name} 
to invite them to take part in a study we are conducting at the moment.    
The study is the Mother and Child Physical Activity study and it aims to look at mothers’ 
and young children’s physical activity levels across different periods of the day. The 
study has three components – we would ask mothers to complete the a survey, ask 
them and their child to wear an activity monitor for one week and take height and 
weight measures of themselves and their child. 
The visit to the playgroup would just be to see if any mothers are interested in taking 
part. The visits generally take about 10 minutes or so and can be conducted at any time 
throughout the playgroup session. We are happy to stay longer to answer any questions 
that mothers have about the study.  
 
[Generally playgroup leaders will then ask further questions about the study and/or 
suggest a good time to arrive] 
 
Appendix 7.3
Playgroup recruitment script for the MACPAC study 
(email)
Dear _____, 
 
My name is __________ and I am a student researcher at Deakin University.  
  
I am emailing you today in your capacity as the lead contact person for the {playgroup 
name} playgroup. Right now we are conducting a study at Deakin University 
investigating mothers’ and young children’s physical activity levels across different 
periods of the day. The study is called the Mother and Child Physical Activity (MACPAC) 
study and has three components – we would ask mothers to complete the a survey, ask 
them and their child to wear an activity monitor for one week and take height and 
weight measures of themselves and their child. 
 
I am emailing you today about potentially coming out to speak to mothers in {playgroup 
name} to invite them to take part in the MACPAC study. The visits to playgroups 
generally take about 10 minutes or so and can be conducted at any time throughout the 
playgroup session. We can distribute information about the study to the families and 
are then happy to stay longer to answer any questions that mothers have.  
 
I have attached an information sheet to this email which further explains the aims of the 
MACPAC study and what participation in the study would involve for mothers and 
children. Please feel free to contact me directly with any questions via email or at the 
telephone number below. 
 
I hope to hear from you soon.  
 
Kind regards, 
 
Jill  
 
 
 
 
 
Appendix 7.4
University-wide email recruiting participants for the 
MACPAC study
Sample email to Deakin University Staff & Students: Mothers’ and 
Children’s Physical Activity Study
Subject: Participants for Mother/Child Physical Activity Study
Dear Deakin Staff & Students,
My name is Jill Hnatiuk and I am a PhD student in the Centre for Physical 
Activity & Nutrition Research at Deakin University. 
I am seeking mothers of 12 to 35 month old toddlers!
If this is you, I would like to extend an invitation for you to take part in a study 
that I am currently conducting. To be eligible you must be able to 
speak/read/write fluent English, be with your child most of the day on at least 4 
days/week and your child must be walking independently. Please feel free to pass 
this information on to anyone else you know who may be interested.
The Mother and Child Physical Activity (MACPAC) study aims to examine 
mothers and children’s physical activity across different periods of the day and to 
identify some of the things that influence young children’s physical activity and 
sedentary behaviour.
Your involvement would be as follows:
Activity monitors:
We will ask you and your child to wear an activity monitor for one week. The 
activity monitors are small, lightweight devices that are worn around your waist
(over or under clothing) and measure movement. We’ve used these monitors on 
thousands of adults and children as young as 18-months old in our research 
institute over a number of years.
Survey:
We will ask you to fill out a survey that should take approximately 15 minutes to 
complete. This survey will ask for some background information (age, education, 
etc.), your thoughts about physical activity and sedentary behaviour and some of 
the things that you do with your child.
Height & Weight:
Finally, we will measure the height and weight of you and your child. These 
measurements will be done in private by trained research staff and all 
measurements will be kept confidential.
All participants will receive a $10 voucher for their time.
For more information about the study, please contact Ms Jill Hnatiuk at 
macpac@deakin.edu.au or 03 9251 7262. 
Thank you for your time,
Jill Hnatiuk, PhD Candidate
Centre for Physical Activity & Nutrition Research, Deakin University
221 Burwood Highway, Burwood, VIC 3128
T: 3 9451 7262
F: 3 9244 6017
E: macpac@deakin.edu.au
Appendix 7.5
Primary school newsletter recruiting participants for 
the MACPAC study
Attention all Mums! 
Do you have a child who is1 to 3 years old? 
Are you & your child together most days of the week? 
For more information, please contact: 
Jill Hnatiuk 
Deakin University    
Ph: 9251 7262 
macpac@deakin.edu.au 
We are currently looking for mums and children to take part 
in an exciting new research study about mothers’ and young 
children’s physical activity & active play 
**Time commitment is minimal** 
Receive a $10 voucher for your time 
Appendix 7.6
The MACPAC study main questionnaire
This questionnaire has been removed. Please contact the 
candidate for more information.
Appendix 7.7
The MACPAC study reliability questionnaire
This questionnaire has been removed. Please contact the 
candidate for more information.
Appendix 7.8
Test-retest results for maternal physical activity 
promoting behaviour items
Table 7.2 Intra-class correlation values for the total time spent in the 
maternal facilitating behaviour items assessed in the MACPAC 
study
Variable Single measures ICC
Morning Afternoon Evening
Provide opportunities for physical 
activity
.260 .524 .156
Co-participate in sedentary behaviour .592 .042 .053
Co-participate in quiet play activities .239 .193 .297
Co-participate in physical activities .362 .681 .455
Model physical activity .344 .432 .350
Model sedentary behaviours .443 .262 .237
 
Appendix 7.9
The MACPAC study data collection sheet
MACPAC data collection form
Mother’s name: ______________________________ Date visit booked: ____________________
Contact number: _____________________________ Time visit booked: ____________________
Address (of visit): ____________________________
Stadio: ________ Scale: ________
ID number Child Sex Child Name Child Measurement Mother Measurement
Child height (cm)
1: 
2:
3 (if diff>0.5):
Staff initials:
Child weight (kg)
1: 
2:
3 (if diff>0.1):
Staff Initials:
Mother height (cm)
1: 
2:
3 (if diff>0.5):
Staff initials:
Mother weight (kg)
1: 
Staff Initials:
Pregnant?   Y    N
Wks preg? _______
Notes:
Surveys and accelerometers (distribution)
Mother survey
Send out via email
Gave paper copy
Staff initials:
Child Accelerometer 
Provided    Not wearing
Serial number: 
______________________________
Cross-checked serial number
Staff initials:
Mother Accelerometer
Provided      Not wearing
Serial number: 
______________________________
Cross-checked serial number
Staff initials:
Date for monitor
pick up:
__________________
Location for 
monitor pick up:
__________________
Recruitment (name):
Playgroup: 
__________________________________              
Swimming class: 
__________________________________              
Occasional care centre
University email  
Other: __________________________
Surveys and accelerometers (pick up)
Mother survey  (ONLY IF GIVEN PAPER COPY)
Collected     Scheduled alternate date for pick-up             
Left a reply paid envelope   Provided new copy   
Staff initials:     
Child accelerometer        
Collected     Scheduled alternate date for pick-up        
Left a reply paid envelope  
Staff initials:
Mother accelerometer        
Collected     Scheduled alternate date for pick-up                 
Left a reply paid envelope  
Staff initials:
Alternate date for pick-up:
Appendix 7.10
Sample email sent to participants with missing 
questionnaire data
Multiple children:
Dear _______,
I hope you and your family are well and are all settled into your new place now. 
We are just going through the surveys you filled out for {Child 1] and {Child 2}
and noticed a few questions missing from your surveys. I’m wondering if you 
would mind filling out those last few questions and sending them back to our 
team? This helps us to have complete information available for our study.
I have scanned the pages that contain missing questions and have attached the 
document to this email. They can be returned as a scanned document, a photo of 
the responses taken from your phone or typed as text in an email. 
Alternatively, I am happy to ask you the questions over the phone if you like. Feel 
free to give me a call on 9244 6910 any time.
Thanks again for all of your support with this project.
One child:
Dear _______,
I hope you and your family are well. We are just going through the survey you 
filled out for the MACPAC study and noticed a few questions missing from your 
survey. I’m wondering if you would mind filling out those last few questions and 
sending them back to our team? This helps us to have complete information 
available for our study.
I have highlighted and scanned the missing questions and have attached the 
document to this email. They can be returned as a scanned document, a photo of 
the responses taken from your phone or typed as text in an email. 
Alternatively, I am happy to ask you the questions over the phone if you like. Feel 
free to give me a call on 9244 6910 any time. 
Thanks again for all of your support with this project.
Appendix 7.11
Accelerometer removal log for the MACPAC 
study (child)
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Child ID: _______________  Child name: 
MACPAC ACTIVITY MONITORS
 
The activity monitors needs to be worn during the daytime for the 
 next 7 days. 
 
We will collect the monitors on: ____________________________________ 
 
CARE AND INSTRUCTIONS
Please make sure you and your child wear the activity monitors during all 
waking hours except for water activities, i.e., showering, swimming, etc. 
x Your child can wear the activity monitor under or over his/her 
clothes. 
x Your child should wear the activity monitor on the black belt at 
his/her right hip during waking hours only.  
x Ensure your child wears the activity monitor in the same position on 
his/her hip each day.  
x Place your child’s activity monitor so that the sticker is smiling the 
right way for other people looking at it. 
x Take off your child’s activity monitor before you go to bed. 
x DO NOT SUBMERGE IN WATER (bath, shower, swimming, spa). 
x DO NOT UNSCREW THE COVERS. There are no switches or counters; 
all your movements are recorded using a single cell battery. 
 
PLEASE REMEMBER THIS EQUIPMENT IS VALUABLE AND EXPENSIVE TO REPLACE 
If you have any questions please call 9244 6910 or email macpac@deakin.edu.au 
Instructions- YOUR CHILD’S MONITOR
 
 
If the monitor is removed during the day for any reason FOR 10 MINUTES OR 
MORE, we need to know what your child was doing during that time. Please write 
WHAT your child was doing (e.g., having shower), WHEN he/she did it (e.g., 7.30 
am) and for HOW LONG (e.g., 15 minutes). 
Date What was your child doing? Time 
removed
Duration      
Example:  
25/2/2013 Swimming 4.30 pm 45 mins
Date What was your child doing? Time 
removed
Duration      
Attendance at Childcare/Preschool
 
Please tell us which days and times your child attended childcare (formal care or 
care by family/friends) during the week that he/she wore the activity monitor. This 
might be different from any other week, for instance, if your child was sick or you 
had other activities to do.  
 
Day of attendance Type of Care Start time Finish time
Example:  
Monday Childcare 9:15am 12:15pm
 
If you REMOVE your child’s activity monitor during the daytime for 
ANY reason, please record their activity on this page. 
If you have any questions about the activity monitors or  
this activity record sheet, please call or email Jill Hnatiuk on  
9244 6910 or macpac@deakin.edu.au. 
Appendix 7.12
Accelerometer removal log for the MACPAC 
study (mother)
 
Mother ID: ____________  Mother name:    
MACPAC ACTIVITY MONITORS
 
The activity monitors needs to be worn during the daytime for the next 7 days. 
 
We will collect the monitors on: ____________________________________ 
 
 
Mother ID: ____________  Mother name:  
   
MACPAC ACTIVITY MONITORS
 
The activity monitors needs to be worn during the daytime for the next 7 days. 
 
We will collect the monitors on: ____________________________________ 
 
CARE AND INSTRUCTIONS
Please make sure you and your child wear the activity monitors during all 
waking hours except for water activities, i.e., showering, swimming, etc. 
x You can wear your activity monitor under or over your clothes. 
x You should wear the activity monitor on the black belt at your right 
hip during waking hours only.  
x Ensure you wear the activity monitor in the same position on your 
hip each day.  
x Place your activity monitor so that the sticker is smiling the right way 
for other people looking at it. 
x Take off your activity monitor before you go to bed. 
x DO NOT SUBMERGE IN WATER (bath, shower, swimming, spa). 
x DO NOT UNSCREW THE COVERS. There are no switches or counters; 
all your movements are recorded using a single cell battery. 
 
PLEASE REMEMBER THIS EQUIPMENT IS VALUABLE AND EXPENSIVE TO REPLACE 
If you have any questions about the activity monitor or  
this activity record sheet, please call or email Jill Hnatiuk on  
9244 6910 or macpac@deakin.edu.au. 
If you have any questions about the activity monitor or 
this activity record sheet, please call or email Jill Hnatiuk on  
9244 6910 or macpac@deakin.edu.au. 
CARE AND INSTRUCTIONS
Please make sure you and your child wear the activity monitors during all 
waking hours except for water activities, i.e., showering, swimming, etc. 
x You can wear your activity monitor under or over your clothes. 
x You should wear the activity monitor on the black belt at your right 
hip during waking hours only.  
x Ensure you wear the activity monitor in the same position on your 
hip each day.  
x Place your activity monitor so that the sticker is smiling the right way 
for other people looking at it. 
x Take off your activity monitor before you go to bed. 
x DO NOT SUBMERGE IN WATER (bath, shower, swimming, spa). 
x DO NOT UNSCREW THE COVERS. There are no switches or counters; 
all your movements are recorded using a single cell battery. 
 
PLEASE REMEMBER THIS EQUIPMENT IS VALUABLE AND EXPENSIVE TO REPLACE 
 Instructions- YOUR MONITOR
 
 
If your monitor is removed during the day for any reason FOR 10 MINUTES OR 
MORE, we need to know what you were doing during that time. Please write 
WHAT you were doing (e.g., having shower), WHEN you did it (e.g., 7.30 am) and 
for HOW LONG (e.g., 15 minutes). 
Date What were you doing? Time 
removed
Duration      
Example:  
25/2/2013 Swimming 4.30 pm 45 mins
 
 
Instructions- YOUR MONITOR
 
 
If your monitor is removed during the day for any reason FOR 10 MINUTES OR 
MORE, we need to know what you were doing during that time. Please write 
WHAT you were doing (e.g., having shower), WHEN you did it (e.g., 7.30 am) and 
for HOW LONG (e.g., 15 minutes). 
Date What were you doing? Time 
removed
Duration      
Example:  
25/2/2013 Swimming 4.30 pm 45 mins
 
If you REMOVE your activity monitor during the daytime for ANY 
reason, please record your activity on this page. 
If you REMOVE your activity monitor during the daytime for ANY 
reason, please record your activity on this page. 
Appendix 7.13
Height/weight card given to parents at data collection 
visit
 
Appendix 7.14
Sample size of MACPAC study with varying 
period wear time
Comparison of valid periods vs. valid days vs. valid periods & days with individual wake/sleep times  
Valid period only (full day not valid) 
P2 (morning) 50%  40% 30% 20% 1%  
Number of children 
included (>4 days) 
137 140 142 143 148 
      
P3 (afternoon)      
Number of children 
included (>4 days) 
134 142 144 144 147 
      
P4 (evening)      
Number of children 
included 
138 139 139 141 143 
      
Valid day only (period not valid) 
P2 (morning) 444 mins (7.4 hrs)     
Number of children 
included (>4 days) 
139     
      
P3 (afternoon)      
Number of children 
included (>4 days) 
139     
      
P4 (evening)      
Number of children 
included 
139     
      
Valid period and day 
P2 (morning) 50%  40% 30% 20% 1%  
Number of children 
included (>4 days) 
130 134 136 136 139 
      
P3 (afternoon)      
Number of children 
included (>4 days) 
125 134 136 138 139 
      
P4 (evening)      
Number of children 
included 
136 137 137 138 139 
  
